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INTRODUCTION. 


The specimens here treated were all collected in marine waters about Bermuda, 
always so shallow that collection could be made by hand, none dredged. There 
appear to be no intertidal sponges in the Bermudas ; these are all from just below 
low tide to a depth of perhaps five metres, but probably every species occurs at 
depths of less than three metres. 

The specimens here treated were all studied during 1947. A collection was made 
by Dr. Werner Bergmann of Yale University and forwarded to me early in the 
year. I then spent the summer in the field, and at the Bermuda Biological 
Laboratory for Research, with gratitude to the American Philosophical Society 
for a generous grant, and to the Director of the Laboratory, Dr. Dugald Brown, 
for excellent cooperation. Nearly all the species were studied alive, where they 
were growing naturally in Bermuda. 

Duplicate specimens or syntypes of all but about three of the species hove been 
deposited in the British Museum (Natural History), Cromwell Road, London, 
S.W.7, England. The remaining or principal collection is maintained, at least 
temporarily, at the Bermuda Government Aquarium, Flatts, Bermuda, (Major 
Louis Mowbray, Director). 

In the literature on sponges there are a number of listings as of the locality 
** Bermuda ” which do not concern the present discussion because the specimens 
came from deep water. The ocean becomes extremely deep only afew miles offshore, 
introducing an entirely new habitat. The various references in the reports of the 
‘ Challenger ’ expedition fall under this category. 

In 1901, R. P. Whitfield described Siphonochalina stolonifera, sp. n. from 
Bermuda. His description and figures show that this is merely one of the common 
variations of the abundant local species, Callyspongia vaginalis. 

In 1918, B. B. Crozier described three species, not new, as occurring in Bermudan 
waters. These were Donatia lyncurium, Donatia seychellensis, and Donatia ingalli. 
All of Crozier’s specimens were clearly the same species, namely, T'ethya actinia. 
Crozier stressed that in one the cortex was 1-5 mm. thick, while in another it was 
2-5 mm. thick. As actinia grows older, its cortex thickens, from zero in the larva 
to 3-0 mm. in older specimens, with all conceivable intermediate thicknesses. 

In 1907, A. E. Verrill published what has been by far the most significant paper 
on the Porifera of the Bermudas. Only a first part ever appeared ; it concludes 
with the phrase ‘“‘ to be continued ” but apparently Professor Verrill died before 
completing the work. Curiously, different copies of the otherwise identical paper 
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bear different paginations. The corresponding pages in one printing run from 
286 to 300, but in another from 330 to 344—a difference of 44 pages. Verrill 
mentions having forty species, but discusses just twenty, obviously saving the 
other half for the part that was then never published. 

Unfortunately the descriptions in Verrill’s paper are not at all adequate. Ecto- 
somal structures are seldom mentioned, or the arrangement of the skeleton, and much 
is left to surmise. Dr. Bergmann instituted a search at Yale, where Professor Verrill 
taught, but neither there nor at Bermuda could types of Verrill’s species be located. 
There was a large collection at Yale of Verrill’s sponges from Bermuda, doubtless 
containing the specimens upon which he relied, but they were unlabelled, or the 
labels lost, or hopelessly confused. Some were labelled with names vaguely resem- 
bling the names that were used in the paper, but not the same names ; one may 
wonder if they correspond or not. The state of preservation of this collection is. 
also described as being very poor. 

The species listed by Verrill may be here considered, one by one, with my best 
surmise as to what well-known species corresponds to each :— 


1. Geodia gibberosa Lamarck=Geodia gibberosa Lamarck. 
2. Chondrilla nucula Schmidt =Chondrilla nucula Schmidt. 


3. Spinosella sororia (Duchassaing and Michelotti)=Callyspongia vaginalis 
(Lamarck). 
-4. Spinosella stolonifera (Whitfield) =Callyspongia vaginalis (Lamarck). 
5. Pachychalina cellulosa, nov. I could not find any sponge at Bermuda answer- 
ing to this description. It reads as though it might be the abundant West Indian 
species, Haliclona rubens. It may be that some epidemic or ecological change has 


exterminated this form, but that it was common in 1907; certainly I could not 
find it in 1947. 


6. Pachychalina elastica, nov. The Bermuda sponge that most closely answers 
to Verrill’s excessively brief description is the solid, ramose rather than tube-shaped 
phase of Callyspongia vaginalis. 

7. Pachychalina millepora, nov. I could not find any Bermuda sponge that I 
could reconcile with Verrill’s description, in spite of its vagueness. Are his 
descriptions accurate ? At present Haliclona variabilis is very abundant in the 
archipelago, and it seems very probable that it was also common in Verrill’s day. 
He would have classified it as a Pachychalina ; in fact Dendy established it as a 
species of that genus. Every other species that Verrill mentions differs more 
from variabilis than does his millepora. The conflict there is not so great but 
that conjecture is possible. I venture, therefore, the guess that perhaps millepora 
Verrill, 1907 =variabilis Dendy, 1890. 

8. Pachychalina monticulosa, nov. It is possible, in view of Verrill’s inadequate 
description, to synonymize this with a Liosina that I found in the Bermudas. 
Were Verrill’s descriptions more thorough, differences might appear. 

9. Pachychalina micropora, nov. So very little data or descriptions are given 
for this name that I have placed it with Haliclona viridis (Duchassaing and 
Michelotti). 

B2 
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10. CErrdeuiin bartholmei (pucteaerne and Michelotti). This is the wrong. 
genus, it should be Xestospongia, and it is almost certainly not bartholmei, and. 


requires a new name. , 
11. Desmacella jania, nov. This was full of an alga, as more recent cee 
are not, nevertheless the identification appears to have been correct. This is 


rather more common now than he found it to be: Desmacella jania Verrill. 
12. Esperiopsis fragilis, nov. This is certainly not an Hsperiopsis ; it is very 


inadequately described, but seems likely to represent the abundant Lissodendoryz: 


isodictyalis (Carter). 


13. Tedania ignis (Duchassaing and Michelotti)=Tedania ignis -(Duchakeathe 
and Michelotti). 

14, Axinella apressa, nov. See the following notes. 

15. Axinella rudis, nov. Both this and A. apressa fall within the range of 
variation of an abundant local species. Verrill stresses such items as that the one 
remained red when dry, while the other turned pale brown: this difference occurs 
even in different portions of the same specimen, and probably has to do with the 
exposure to air currents and amount of water remaining in the sponge’s cavities. 
The one species is here treated as Homaaxinella rudis (Verrill). 

16. Axinella rosacea, nov.=Pseudaxinella rosacea (Verrill). 

17. Polymastia varia, nov. Very inadequately described, like most of this 
collection. The Bermudan species that most closely resembles Verrill’s eects 
of varia is the common Terpios fugaz Duchassaing and Michelotti. 


18. Heterocliona cribraria (Schmidt). Verrill set up a new genus for this species,. 


but it belongs to the very abundant genus Spheciospongia Marshall. Most 
zoologists long overlooked Marshall’s work, because it appeared in a “ Festschrift ” 
and these publications are very inadequately distributed. Although the genus was 
not new, the species is ; it is not cribraria of Schmidt, but a new one. 


19. Cliona caribboea Carter=Cliona caribboea Carter, 


20. Spirastrella mollis, nov.=Spirastrella coccinea (Duchassaing and Michelotti). 


SYSTEMATIC SECTION. 


Some sixty-five species of Bermuda sponges are available for description at the 
present moment. None belongs in the class Hyalospongiae, but the other two 
classes of Porifera are well represented. 


Class DEMOSPONGIAE Sollas. 


These are sponges of compact rhagon architecture, usually (but not always) 
characterized by the presence of spongin in the skeleton. Siliceous elements are 
often also present, but both spongin and silica may be wanting. In contrast, the 
Hyalospongiae always have silica, never have spongin, and are always of a very 
distinctive open-work structure ; they are rhagon, but not “ typical ”’. 


Order KHERATOSA Bowerbank. 


These are sponges having spongin skeletons which are usually well developed, 
and never contain any proper mineral material. Bits of foreign material may, 
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however, be picked up from the environment, and not always accidentally, because 
it is clear that some Keratosa regularly avoid this, even when foreign debris sur- 
rounds them, whereas others accumulate it, even when it appears to the human 
observer to be rare in that environment. Most keratose sponges have a “‘ spongy ” 
consistency, and a fleshy, conulose surface. 


Family SPONGITDAE Gray. 


Gray spelled it ‘““ Spongidae ”’, but the type genus is not “ Sponga ” but Spongia. 
The corrected spelling, and therefore perhaps the authorship, dates from de 
Laubenfels, 1936, page .7. Sponges of this family have small, round, flagellate 
chambers, whereas all the other families of the order have large, sack-shaped, 
flagellate chambers. 


Genus Sponetra Linné. 


Sponges of this genus have abundant interlacing fibres that are free from foreign 
material ; yet in spite of their abundance they are regarded as.being secondary. 
Among them, about 0-5 to 2 mm. apart, primary fibres ascend more or less 
perpendicularly to the surface, and these fibres are cored with foreign debris. 
There are no large, ramifying, subdermal cavities. The fibres are extremely elastic, 
even when dry, and many individuals of the genus have commercial value and use. 

In the West Indies there are :— 

I, The yellow sponges: Spongia barbara Duchassaing and Michelotti or 
Spongia zimocca Schmidt, subspecies barbara. It is difficult to decide whether or 
not toelevate barbara to full species rank. Formerly I did so (1936), now I am not 
of that opinion. 

II. The grass sponges : Spongia graminea Hyatt. 

III. The reef sponges: Spongia obliqua Duchassaing and Michelotti or 
_ Spongia officinalis Linné, subspecies obliqua. In 1936 I favoured full species rank 
for obliqua, now (by the narrowest of margins) reduce it to subspecific rank. 

IV. The hardhead sponges: Spongia dura Hyatt or Spongia officinalis Linné, 
subspecies dura. 


Two of these seem to have occurred at Bermuda. 


SPONGIA OFFICINALIS, subspecies OBLIQUA Duchassaing and Michelotti. 

Bermuda specimens of this sponge are represented by the British Museum 
(Natural History) register number 1948.8.6.1. | 

Dates collected.—At the Bermuda Biological Station there was a specimen that 
had been collected on the 29th of November, 1937. At the Government Aquarium 
Museum there were two or three specimens of this variety, lacking data, but certainly 

collected prior to 1940. 

Localities —The first-mentioned specimen was taken at Three ‘Hills Shoal, 
about five kilometres north of Hamilton. What must have been this species is 
locally described as having been moderately common about Daniel’s Head andr near 
Agar’s Island, both in the western portion of the Bermudas. 

Abundance.—At present, absent or very rare. 
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Shape.—Head-size specimens are common. A diameter of 30 or more centi- 
metres may be attained. 

Colour.—The living sponge is black or nearly so, as to exterior. Specimens. 
which grow in shaded areas are paler than those which grow in illuminated regions ; 
the less light, the paler the grey or drab coloration. The interior in life is a reddish 
brown, copper-like colour, sometimes even resembling a piece of meat, or liver. 
Pickled specimens retain the melanin external pigment, but the interior colours. 
fade to a dull, pale brown. Dried, macerated skeletons are a light amber. 

Consistency.—Very spongy, elastic, strong. This obtains in life, in spirit 
specimens, and even in dry ones. 

Surface.—Conulose, conules often 1 to 2 mm. high, 2 to 4 mm. apart. 


Fig. 1. 


Camera lucida drawing, x 150, of a bit of macerated skeleton of a specimen of Spongia officinalis from. 
Bermuda, and which is exhibited at the Museum of the Government Aquarium, Flatts, Bermuda. 
The enclosed scale shows 100 microns by tens. 


Oscules.—Often about 1 cm. in diameter, and less than 4 cm. apart. 

Pores.—Microscopic and contractile ; a diameter of 15 microns may be cited. 

Ectosome anatomy.—A fleshy dermis, about 15 microns thick, not overlying 
extensive subdermal cavities. 

Endosome anatomy.—The protoplasm is rather dense, and abundantly provided 
with small, round, flagellate chambers. 

Skeleton.—Fibro-reticulate, with fibres of amber spongin, granular as to surface, 
and opaque, about 30 microns in diameter. The ascending fibres are twice as. 
thick, and have a core about 30 microns thick (but varying greatly) of foreign debris. 

This species or subspecies was described by Duchassaing and Michelotti, 1864, 
page 32, from the Caribbean. It is abundant throughout the West Indian region. 
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It differs from the typical subspecies, which occurs in the Mediterranean Sea, in 
that obliqua is much coarser, less elastic and regular. This is a consistent and 
considerable difference. Officinalis proper is the most valuable and useful of all 
commercial sponges ; obliqua is one of the least, though somewhat valuable and 
useful. The subspecies dura looks to the eye more like officinalis proper than 
obliqua does, but it is often even less valuable commercially because (as indicated 
in its name) it is very hard and inelastic. It may be that the subspecies dura 
formerly occurred in the Bermudas as well as obliqua. 


SPONGIA ZIMOCCA subspecies BARBARA Duchassaing and Michelotti. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.2. 

Date collected.—Prior to 1940, otherwise unknown. 

Localities.—Shallow marine waters about the Bermudas, otherwise unknown. 

Abundance.—At present absent or very rare. 

Shape.—Massive, often subspherical. The oscular location is noteworthy. 

Size.—Head-size specimens are common. A diameter of 40 or more centimetres 
may be attained. 


Camera lucida drawing, x 150, of a bit of the macerated skeleton of a Spongia zimocca from Bermuda, 
The enclosed scale shows 100 microns by tens. 


Colour.—The living sponge is black or nearly so. The more the illumination 
to which it is exposed during growth, the more nearly jet-black it becomes. The 
interior in life is a rich reddish orange, with brown tints. Spirit specimens maintain 
the external tints, but the internal colours fade to ochre or drab. Macerated, dry 
specimens are golden brown, the yellow tint often quite noticeable. 

Consistency.—Very spongy, elastic, strong, even in dry specimens. 

Surface.—Conulose, conules often 1 to 2 mm. high, 2 to 4 mm. apart. 

Oscules.—Often about 1 cm. in diameter, and frequently clustered on an upper 
surface, absent from most of the rest of the sponge. They show a decided tendency 
to have individual raised collars, often up to 1 cm. high. | 
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Pores.—Microscopic and contractile ; a diameter of 15 microns may be cited. 

Ectosome anatomy.—A fleshy dermis about 15 microns thick, not overlying 
extensive subdermal cavities. 

Endosome anatomy.—Dense, with abundant, small, round, flagellate chambers. 

Skeleton.—Fibro-reticulate, with fibres of golden-coloured spongin, granular as 
to surface, and opaque. The common ones of the network are about 30 microns. 
in diameter. The ascending fibres are a little thicker, and contain a thin strand 
of foreign mineral debris. 

This species or subspecies was described by Duchassaing and Michelotti, 1864, 
page 31, from the Caribbean Sea. It is abundant throughout the whole West 
Indian region. It differs from the typical subspecies, which occurs in the Mediter- 
ranean region, in that the fibres of barbara are more yellowish, and of a rather 
better commercial nature—stronger and more elastic than are those of zimocca 
proper. 


I believe that we should be frank to admit that we would probably not bother — 


to discuss and record the subspecies of these Spongias were it not that they are 
common and commercially valuable. Doubtless equally great differences exist in 
other species that are not similarly split into subspecies. Yet the splitting is 
here warranted by the importance. One properly wishes and needs to know and 
tell which variety of Spongia is present in the locality that he is describing. 


Genus Irctnta Nardo. 


Sponges of this genus superficially bear a great resemblance to those of the 
genus Spongia. ‘The two genera consistently have a very striking sulphureous odour 
that seems identical for all species of both genera (and perhaps for Hippiospongia 
also) wherever they occur, all over the world. The resemblance between the 
two ceases under the microscope, and also emphatically ceases in dried specimens. 
The latter, of Ircinia, are very hard and stiff, their fibres comparatively brittle, 
and different in structure. Jrcinia fibres are more translucent, less granular as. 
to surface ; they make a much coarser network, with meshes about 500 instead 
of 200 microns average diameter (there is much variation within single specimens. 
of both genera). In Ircinia, not only the primary, but also the secondary fibres 
may contain foreign inclusions. These inclusions are usually fewer in number, 
more irregularly spaced, but larger than those picked up by Spongia. Many Ircinia 
- fibres are far thicker than any in Spongia, but this arises from the aggregation 
of a number of parallel fibres that are individually only a little larger (if any) 
than Spongia fibres. - Within these fascicular bundles there may be obvious separate 
strands, connected by short transverse ones, or the amalgamation may be so dense 
that the components cannot be made out, except where here and there windows. 
pierce through the fibre and maintain a residue of the earlier mesh-spaces. 


The description so far given would apply also to the genus Polyfibrospongia, and 


—if the fibres were concentrically stratified or laminated and were also clear 
(translucent)—it would apply also to the genus Fasciospongia. From each of these, 
and all others in the Phylum Porifera, [rcinia is sharply separated by its possession 
of filaments. These structures are usually less than ten microns in diameter, but 
over a millimetre long, and at each end there is a spherical swelling that ranges. 


—— vo. 


THE PORIFERA OF THE BERMUDA ARCHIPELAGO. | 9 


from slightly thicker to twice the diameter of the filament strand. These filaments 
are often abundant throughout the flesh, and increase the toughness of the sponge ; 
Ircinia specimens can be cut only with difficulty—one wants a strong, sharp knife 
and strength and patience. The filaments are chemically quité different from 
the spongin fibres, although at least as flexible and as tough ; they resist boiling 
with caustics better than does undoubted spongin. None the less they definitely 
resemble it, and their substance might be regarded as being a peculiar variety of 


spongin. 


IRCINIA FASCICULATA (Pallas) de Laubenfels. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.4. 

Date collected.—July 28, 1947, and many others. 

Localities.—Harrington Sound, Walsingham Pond, and the coasts of Bermuda 
in general. 

Abundance.—Extremely common in many localities. 

Shape.—Amorphous to massive, often with rounded processes arising. Some 
_ few specimens even become ramose (see PI. I) ; in this case they have rather acute 
terminations to their many branches. 

Size.—Head-size specimens are common. The ramose specimens attain a height 
of at least 30 cm., and a branch diameter of 2 to 4 cm. 

Colour.—The living sponge is brown, with both greenish and lavender glints. 
It may actually be a mixture of green and lavender pigments, blending. Is the 
green chlorophyll? Its solubility in alcohol seems to suggest this. In the 
preservative, which is at first bright green, a drab colour is given to the sponge, 
and dry specimens are also a dull brown. 

Consistency.—Very spongy in life and in spirits; extremely tough and difficult 
to tear; even difficult to cut. Dried specimens are stiff. 

Surface.—Strongly conulose, with conules 1 to 2 mm. high and 2 to 4 mm. apart. 
The spaces between the conules are obviously punctiform, with optically evident 
pores in great abundance. 

Oscules.—Large, 5 to 10 mm. in diameter, and conspicuous. Their rims, and 
especially the linings of the oscular cloacas, are heavily pigmented, almost black, 
so that they stand out vividly. 

Pores.—Large and abundant, 130 to 200 microns in diameter, and with partitions 
between them which are often much narrower than 130 microns. 

Ectosome anatomy.—There is a special organic dermis, more than 70 microns 
thick, even over 110 microns thick in places. It seems to contain spongin in 
thin sheets and certainly contains many cells which are filled with dark pigment 
granules. It also contains much foreign debris, such as siliceous spicules and 
fine grains of coral sand. It is, furthermore, packed with the filaments that 
characterize the genus Jrcinia. In some specimens, including that listed above 
by museum register number, there are also present brown, granular, kinky strands ; 
these are found in both ectosome and endosome. They may be a special kind of 
fibre, but much more probably are algal filaments, perhaps the source of the 
- chlorophyll. 
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Endosome anatomy.—The protoplasmic structures are very dense, with small, 
round, flagellate chambers that are closely packed together. In larger specimens 
there are very conspicuous gross canals, lined with dark membrane ; they receive 
from smaller canals and deliver to the oscules. The skeletal structures of course 
ramify throughout the flesh. 

Skeleton.—Fibro-reticulate, with fibres of clear, translucent, yellow spongin. 
The principal fibres rise practically perpendicular to the substratum on which the 
sponge grows, and then their branches are perpendicular to the surface ; their 
extreme upper ends lift the dermis, thus forming the conules. The size of the 
fascicles is often very great in comparison to Spongia fibres, which latter are 
usually 30 to 100 microns. The aggregated basket-masts of Irconia are more than 
ten times as great—but are made of components about the size of Spongia fibres. 


Fig. 3A. 


Camera.lucida drawing, 150, of a portion of one of the principal or ascending fibres of Ircinia 
fasciculata to illustrate the holes that fenestrate it as a result of the lattice or fascicular . 
amalgamation. Thisalso illustrates the very large bits of foreign debris which are incorporated . 
in the fibres. The enclosed scale shows 100 microns by tens. 


There are transverse and meandering secondary fibres in Ircinia that are only a 
little larger than the corresponding ones in Spongia, but are far less numerous, and 
they contain foreign inclusions. The debris is very irregularly distributed in 
Ircinia fibres ; here and there strands are chock-full, here and there bits of fibre are 
clear. 

The typical Jrcinia filaments make up from 10 to 20 per cent. of the bulk of the 
specimen of Jrcinia fasciculata. They are so intertwined and tangled that they 
form a fibrous, leather-like structure. Each filament is about 5 microns in diameter, 
and much more than 1000 microns long. It is difficult to extract a single filament 
and stretch it out, thus the maximum lengths cannot here be stated. The Bprerical 
knob at each end of the filament is 8 microns in diameter. 

This species was described as ‘Spongia fasciculata by Pallas, 1766, page 381. 
Ircinia was first described by Nardo, 1833, page not numbered. In 1834 he wrote 
that he preferred the name Hircinia, which is a better transcription of the Greek, 
and unfortunately this quite incorrect change has been consistently followed by . 
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spongologists. Not even the original author has a right to change a genus or 
species name, once given. Nardo described no species for Ircinia. The first to 
be put here was this Spongia fasciculata of Pallas, by Schmidt, 1862, page 34, and 
it thus becomes the type of Ircinia, although Schmidt used the spelling Hircinia. 
On the same page Schmidt described Hircinia variabilis, sp. n., and dropped the 
earlier fasciculata in synonymy to it. Of course this cannot be—if the two are 
conspecific, the name fasciculata must be used. Numerous students of sponges. 


Fig. 3B. 


Camera lucida drawing, x 666, of a bit of the endosome of Jrcinia fasciculata, emphasizing the filaments. 
Near the centre of the figure can be seen one of the balls with which every filament is ornamented 
at each end. The enclosed scale shows 20 microns by twos. 


have identified sponges from the Mediterranean and West Indian regions as being 
variabilis ; what should be done about these names? As will be shown later, in 
1947 I found several species of Ircinia in the Bermudas. One of these, here number 
six, grows among the specimens of fasciculata quite commonly, and: shows such 
consistent differences that it should definitely be regarded as a separate species. 
I have studied Schmidt’s descriptions carefully and am confident that his variabilis 
certainly included this other species, whether or not it included fasciculata. The 
two are not synonyms, but are distinct. , 

Instances where students of sponges describe and record variabilis, whereas. 
_ their specimens were practically certainly the genuine fasciculata, include the 
following references :— ; 

Schulze, 1879, page 13. Mediterranean Sea. 

Lendenfeld, 1889, page 557. Australia. 

Wilson, 1925, page 494. Philippines. 

de Laubenfels, 1936, page 19: West Indies. - 

de Laubenfels, 1946, page 35. North Carolina, U.S.A. 
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The species fasciculata may usually be recognized by the brown colour, and the 
very dark oscular cloacas. ‘The shape is most variable, more so than in the true 
variabilis, thus encouraging the misuse of names which has been so common. 


IRCINIA RAMOSA (Keller) de Laubenfels. (See Pl. I, fig. 1.) 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.5. 

Date collected.—July 18,1947 and others. 

Locality. Harrington Sound. 

Abundance.—Very local, not numerous. 

Shape.—Always ramose, with thin branches that are blunt at the ends. 

Size.—Branches only 1 or 2 cm. thick ; heights of 20 cm. or more are common. 

Colour.—Living and preserved specimens are all of a brown that is ee: 
ochraceous. 

Consistency.—Spongy, in the manner typical of the genus Ircinia. 


Fig. 4. 


A camera lucida drawing, x 150, of a bit of the fibre of Ircinia ramosa. 
The enclosed scale shows 100 microns by tens. 


Surface.—Conulose, with conules about 1 mm. high, and little more than 1 mm. 
apart. 

Oscules.—Often near the ends of branches, without special collars ; diameters 
-usually 2 to 4mm. Their cloacal linings are not especially dark. 

Pores.—Small and contractile. 

Ectosome anatomy.—A tough, organic dermis, over 100 microns thick, containing 
foreign detritus. 

Endosome anatomy.—A coarse reticulation of spongin fibres ; the ascending ones 
are aggregated into fascicular bundles. The protoplasm is dense, fine grained, 
and is packed with filaments that are about 4 or 5 microns in diameter, and much 
more than | mm. long. 
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Skeleton.—Translucent but not obviously stratified fibres, with a sprinkling of 
coarse foreign inclusions in both ascending and transverse fibres. The principal 
fibres are fascicular. Many secondary fibres, and units in the lattice-work of the 
fascicles, are about 150 microns in diameter. 

This species may easily be overlooked among specimens of fasciculata, until one 
takes account of the several differences, as follows :— 

The shape of ramosa is distinctive: long, thin, blunt branches—not Merely 
stretched-out conical eminences as in fasciculata. The colour is consistently 
brown, although slightly different from the somewhat greenish and lavender brown 
of fasciculata. ' The dark cloacal linings of fasciculata offer a good field mark. The 
pores of ramosa are much smaller than the conspicuous ones of fasciculata. The 
filaments of ramosa, in my experience, average smaller than those of fasciculata, 
they often are as little as 2 microns in diameter. 

Keller, 1889, page 345, described this species as Hircinia ramosa from the Red 
Sea, and de Laubenfels, 1934, page 24, extended its recorded range to include 
the West Indies. Keller found the filaments in his specimens to be only 2 microns 
in diameter. He does not comment one way or the other on the colour of cloacal 
linings, but otherwise his description matches the present Bermuda species nicely. 

Plate I, fig. 1 illustrates two dried specimens, one of [rcinia ramosa typical form, 
and the other Jrcinia fasciculata in a ramose growth, which is not typical of that 
-species. The contrast in shape, surface, and other respects is brought out, so that 
one may discriminate between the unusual ramose fasciculata and typical ramosa. 


IRCINIA STROBILINA (Lamarck) de Laubenfels. 

Bermuda specimens of this sponge are represented by British MSS (Natural. 
History) register number 1948.8.6.6. 

Date collected.—November 29, 1937. 

Locality.—Three Hills Shoal, about five kilometres north of Hamilton, Bermuda. 

Abundance.—It is not known if this was ever common in the Bermudas. 
Certainly in 1947 it was rare, inasmuch as prolonged search failed to reveal a 
single specimen. 

Shape.—Massive to subspherical. 

Size-—The one Bermuda specimen is about 3 by 4 by 5 cm. Elsewhere in the 
West Indies specimens up to 50 cm. in diameter occur. 

Colour.—The Bermuda specimen is grey. Elsewhere this species is grey, but 
the more it is illuminated while growing the darker it becomes, so that shallow 
water specimens are all but black. The endosome of strobilina is reddish orange, 

with brown tints, as in many species of Spongia. 

Consistency.—In life and in alcohol, very spongy. Elsewhere dry specimens 
have proven to be as stiff and hard as wood. 

Surface-—Coarsely conulose, conules 2 mm. high, and usually 4 or more mm. 
apart. There is a tendency, rather more noticeable in this than in other related 
species, for ridges to connect conules, making polygonal, depressed areas in between. 
It is typical of large specimens of strobilina to have conules 6 to 8 mm. apart. In 
any case, they represent the apices of the fascicular ascending fibres. 

Oscules.—Large, flush, 4 to 6 mm. in diameter, usually on the upper surface. 
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Pores.—Small and contractile. 
Ectosome anatomy.—There is a tough dermis, much more than 100 microns. * 
_ thick. It contains inanimate material (perhaps spongin sheets) and certainly 
contains myriads of the Jrcinia filaments, also much foreign debris. It is in this. 
skin that one finds the majority of the cells with darkly pigmented granules, which 
granules are responsible for the slaty colour of the sponge. 

Endosome anatomy.—Dense protoplasmic structures occur, together with coarse 
canals; some of the latter are several millimetres in diameter. The flagellate 
chambers are small, and as a result the flesh is compact, like meat. 


Fig. 5. 


Camera lucida drawing of a small bit of the fibre of Ircinia strobilina, illustrating how two strands are ~ 
connected, leaving windows. This condition is called fenestrated. Many IJrcinia fibres are 
more densely filled with foreign inclusions than are the ones here shown. The enclosed scale- 
shows 100 microns by tens. 


Skeleton.—The primary fibres are fascicular, with foreign inclusions, as typical 
of the genus. The secondary fibres, 100 microns in diameter, or thereabouts, are 
also typical of Ircinia. 

This species was first described by Lamarck, 1816, page 383, as Spongia strobilina. 
I studied Lamarck’s specimens in the Paris Museum in 1928. One may recognize 
strobilina from other Ir reinias by its grey to blackish colour, and by its very coarsely 
conulose surfaces. 


IRCINIA VARIABILIS (Schmidt) de Laubenfels. ; 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.7. 

Date collected.—July 2, 1947, and others. 

Locality Harrington Sound, Bermuda, and the coasts of Bermuda generally. 

Abundance.—KHasily overlooked, but probably fairly common. 

Shape.—Massive to subspherical—like very thick encrustations. 

Size.—The specimen that is represented by the museum number cited above was. 
3 cm. thick, and covered a space 5 by 5 cm. 

Colour.—The living sponge is blue when growing in good ithéninetons but even 
then the less illuminated portions are grey, and many entire specimens are grey. 
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This is a soft, blue-grey, not the same as the slaty tinge of Ircinia strobilina. In 
alcohol, however, the blue regions of variabilis turn to a dark grey which does 
resemble the colour of strobilina. | 

Consistency.—Extremely spongy, alive and in alcohol. It is to be presumed that 
dry specimens would become hard. 

Surface.—Conulose, with conules about 0:3 mm. high, and | to 1:15 mm. apart. 

Oscules.—About one for each 10 sq. cm. of surface, up to 4 mm. in diameter, with 
slightly raised rim or collars, and not darkly lined. 

Pores.—About 150 microns in diameter. 

Ectosome anatomy.—There is a tough organic dermis, probably eaniining 
spongin, and well filled with foreign material, especially siliceous spicules. It is 
also packed with the cells that contain the darkly pigmented granules. This dermis 
is well over 100 microns thick. 


Fig. 6. 


Camera lucida drawing, x 666, of a portion of the interior of Ircinia variabilis, somewhat stretched out, 
and emphasizing the filaments. In the ordinary view of these structures, being a three -dimen- 
sional arrangement, the much twisted and interlaced filaments keep disappearing into deep, 
opaque masses of other tissue. The enclosed scale shows 20 microns by twos. 


Endosome peony. —Dense, with relatively small cavities. There are extremely 
abundant filaments, 5 microns in diameter and perhaps several millimetres long. 

Skeleton.—In addition to the filaments there is a typical reticulation of fibres. 
The primary fibres are not at all well developed, however, as compared to other 
species of Ircinia, and instead the-“‘ secondary ”’ fibres are most abundant and 
important. 

The blue colour, when present, is very distinctive of Ircinia variabilis. I searched 
the literature for records of blue specimens of this genus, and find only the one, 
which is in Schmidt’s original description. He described this as Hircinia variabilis, 
1862, page 34, from the Mediterranean region. Actually, as he often did, he spoke of 
Filifera variabilis, but he shows elsewhere that he was referring to the older genus. 
Filifera, as a name, was established by Lieberkiihn, 1859, page 353, and Schmidt 
clearly recognized it as a synonym of Jrcinia. In the same article he may use the 
two names interchangeably, or regard Filifera as a subgenus of Jrcinia. 

Schmidt not only mentions the blue colour, but associates with it the same 
fine-grained structure which also distinguished the Bermuda specimens. He put 
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these with the coarser, brown fasciculata as expressing great variability. I find no 
trace of intergrading, however, but very sharp distinction. Furthermore, in ~ 
Harrington Sound the two species grow at the same depth, a few metres from each 
other, with not the slightest indication that their environments differ significantly. 
This would seem to confirm the existence of a true or genetic difference. 


Genus VERONGIA Bowerbank. 


Sponges of this genus are often yellow in life, and seldom as dark as those of 
Spongia or Ircinia, but otherwise resemble them closely ; they are fleshy and 
conulose with similar protoplasmic structures. The fibrous skeleton, however, is 
distinctive. The fibres are relatively large, and their meshes coarse—often greater 
than a millimetre in diameter. The fibres are not homogeneous, but are conspic- 
uously made of concentric cylinders of clear, translucent spongin. In the centre 
of each fibre there is a conspicuous pith. It may be that all fibres have a distinct 
core of some sort, but in most Spongia fibres one does not perceive any such, even 
with the high powers of the microscope. The pith of Verongia fibres is commonly 
a third of the total diameter. In early taxonomic descriptions, much attention 
was paid to the percent or fraction represented by the pith diameter but it: soon 
became evident that there was great variation in the fraction given over to pith, 
and also in the actual size of the pith from place to place within the same specimen. 

Like most keratose sponges other than Spongia and Hippiospongia, Verongia 
becomes quite stiff and hard when dry. : 

A most vexatious situation exists in regard to the correct name of this genus. 
Up until 1845 no one had recognized the existence of the pithed fibre, but in that 
year Bowerbank, who had what was for his day a superlative microscope, discovered 
it. He erected for this sport of sponge a well-defined genus (page 403), and the 
type is the Bermuda species fistularis, based on West Indian specimens. Yet 
there is some slight confusion even about that, because Bowerbank said the type 
was fistularis Linné, whereas the author is really Pallas. 

Meanwhile, in 1833, page 519, Nardo had set up the name Aplysia with no 
described species, just a lot of Latin words. Aplysia was preoccupied. In 1834, 
page 714, Nardo said he wanted to change his Aplysia to Aplysina, but still 
described no species. No one could recognize anything from Nardo’s diagnosis - 
of his Aplysia, or Aplysina if his alteration can stand, or contrariwise nearly any 
sponge in the world would be a little bit like it. Most especially, Nardo says 
nothing at all about pithed or hollow fibres. In 1862 Schmidt had a sponge for 
description, one that had hollow fibre. In all decency he should have called it a 
Verongia, and he knew of Bowerbank’s seventeen-year-old genus. But he openly 
wrote his disrespect for the Englishman, apparently in part because Bowerbank 
was not a university professor, whereas he, Oscar Schmidt, was one. So he called 
his specimen Aplysina. 

The International Committee on Zoological Nomenclature has rendered an 
opinion number 46, “‘ if it is not evident from the original publication of the genus 
how many or what species are involved, the genus contains all the species of the 
world which would come under the generic description as originally published, 
and the first species published in connection with the genus becomes ipso facto 
the type”. 
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Thus some systematists feel that Schmidt should be allowed to succeed in his 
effort to nullify a well-established genus. Others feel that Schmidt’s sponge would 
positively not “come under the generic description as originally published ” 
because the generic description says nothing of the pithed fibres. This is my 
preferred disposition of the case; but it is in turn contradicted by those who 
interpret the rules as permitting a revised diagnosis for genera that have no species, 
no specimens or animals in them, only words. They maintain that Schmidt’s 
description thus revises Nardo’s. If Schmidt can revise thus, so can I; and in 
this case I will yet further amend the diagnosis of Aplysina in such a way as to 
make it more like Nardo’s original wording ; I amend it to omit the inclusion of 
sponges with pithed fibres, and propose to establish it on a firm basis by giving 
it a type specimen, which it never yet has had. The characteristics of this actual 
preserved animal serve as a firmer basis than amendable words—after all, zoological 
names should be the names of animals, not of imaginary concepts. I propose as 
diagnosis that portion of Nardo’s diagnosis which emphasizes the fact that A plysina 
is a sponge with fibres. The type must have as a species name aerophoba Schmidt, 
1862, page 25. I propose as neotype of both the genus Aplysina and the species 
aerophoba the specimen represented by British Museum (Natural History) register 
number 83.12.4.28. This was collected at the locality (Adriatic) where Schmidt 
collected his (now lost) specimen of aerophoba. It differs somewhat from Schmidt's 
wording, but is more like Nardo’s wording than is true of Schmidt’s words. Its 
description must be a revision of Schmidt’s, just as his was a revision of Nardo’s. 
Its description, in fact, becomes like that given above for Spongia officinalis ; the 
specimen cited and the species Aplysina aerophoba thus become Spongia officinalis. 

Two attitudes toward this proposed action may be taken. One may say that my 
disposition of aerophoba is not valid, but in this case it follows that Schmidt’s 
corresponding alteration of Aplysina is also invalid, and so Verongia is free from 
attack. Or one may argue that Schmidt had a right to alter Aplysina, in which 
case so have I, and my action brings us back to the status that obtained before 
Schmidt acted. It would, of course, be most helpful if the International Committee 
would take action to drop the name Aplysina out of this complex, and let us use 
Verongia with assurance. It is here suggested that it would be welcome, reasonable, 
and just, if an opinion might be rendered, which would protect well-established, 
long-used genera of real animals from being nullified by the radical redescription of 
ancient, vague diagnoses, saerely because these diagnoses comprised no animals, 
but only words. 

May I repeat, however, that my opinion as to the present disposition of this 
perplexing situation is that Schmidt’s species aerophoba does not “‘ come under the 
generic description as originally published ” and therefore is not available as type 
of Aplysina, hence I continue the use of Bowerbank’s Verongia. 


VERONGIA FISTULARIS (Pallas) Bowerbank. (See Pl. I, fig. 2.) 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.8. 

Date collected.—July 3, 1947, and many others. 

_ Locality.— Harrington Sound, and the coasts of Bermuda in general. 
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- Abundance.—Fairly common ; nearly every extensive field frip about Bermuda _ 
yielded at least one specimen of fistularis. 

 Shape.—Cylindrical, hollow. It is here proposed that the name porona : 
fistularis form ansa be established for a peculiar form that is rather common at 
Bermuda. No decision is here made as to the genetic value of this form; it may 
be purely ecological, but it is distinctive (see Pl. I, fig. 2). Two specimens of ansa 
were collected in 1946, and four specimens in 1947. The form basically is the usual 
hollow cylinder, or perhaps a tube of greater than usual diameter, say 3 cm. diameter 
and 10 cm. high. Then, from one side of the rim, a solitary digital process rises 
an additional 3 to6cm. This process is less than 1 cm. in diameter—like a flagpole 
on the rim of a round chimney. The fact that the identical odd shape was found 
in as Many as six specimens, out of less than twenty of the species fistularis that 
were found, gives it a sort of standing, and deserves notice. 

Size.—Cylinder diameters vary from | to 4 cm., and the height varies from 
3 to 30cm. A height of 10 cm. is common. 

Colour.—The living sponge is yellowish, usually somewhat brownish and dingy. 
If it grew in bright sunlight it might show greenish tinges, too. In alcohol, or 
in air, it slowly turns dark purple—but much slower than is true of some other 
species of the genus. Dried specimens become black. Characteristically bits of 
amber fibre protrude here and there from the dried specimen, or even (to a less 
extent) from the living specimen. The alcohol in which fistularis is placed first 
turns a dull dark green, later murky. Probably there is chlorophyll present, and 
it leaches out rapidly. Then there is the pigment which has a water-soluble, 
colourless phase, but which readily oxidizes to a dark purple. 

Consistency.—The living sponge is very spongy and fleshy, and so are spirit 
specimens. When dried, Verongia becomes hard, like wood, fistularis rather less 
hard than some other Verongias. 

Surface.—Conulose, with conules about 1 mm. . high and 2 mm. apart. 

Oscules.—The large apical openings of the central cavities may be the oscules, 
in which case the diameter is 5 to 20 mm., that is to say, in each case about half 
the total diameter of the cylinder. It may be that this large cavity should be 
regarded as external, rather than a cloaca; in this interpretation the oscules are 
the numerous minute openings into the cavity. 

Pores.—Microscopic, contractile, and abundant. They probably can open to at 
least as much as 30 microns diameter. 

Ectosome anatomy.—There is an organic dermis or cuticle, which is 15 to 20 microns 
thick. A surface region, 130 microns thick, is densely packed with pigmented 
cells, and is underlain by fairly extensive subdermal canals that are some 100 
microns in diameter. 

Endosome anatomy.—Densely fleshy and fibro-reticulate. The protoplasm is 
exceptionally fine grained ; it is packed with small, round, flagellate chambers, 
barely 20 microns in diameter. 

Skeleton.—A reticulation of clear, translucent, amber-yellow fibres, 100:to 140 
microns in diameter, forming meshes 500 to 1500 microns in diameter. The fibres 
are distinctly laminated, and contain a central pith that is about one third of the 
diameter of the fibres. It often appears that the region called “ pith ” was actually 
empty (other than water) when the sponge was collected. 
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» This species was first described as Spongia fistularis by Pallas, 1766, page 385. 
It would appear that his and all other known specimens of this species are: West 
Indian in distribution. It is set off from most other Verongias by its pigmentation 
and hollow shape; other hollow forms are differently coloured. There are 
Verongias, such as aurea, that are brighter yellow than fistularis, and which much 


Fig. 7. 


Camera lucida drawing, < 150, of a bit of the skeleton of Verongia fistularis. The fibre lamination is 
indicated, and the central cavity or pith (blank). The enclosed scale shows 100 microns by tens. 


more promptly react to oxygen by turning purple, but this change does occur in 
- fistularis. A noteworthy characteristic of fistularis concerns its surface saucers. 
These are shallow depressions, of polygonal outline, about 1 cm. in diameter. In 
some specimens they are not conspicuous, and similar but smaller saucers do occur 
on other species of Verongia, but they are a helpful recognition mark. 


Genus THORECTOPSAMMA Burton. 


Sponges of this genus, like most Keratosa, are usually fleshy and conulose. Their 
fibres, unlike those of Spongia, are translucent and stratified. Where Spongia 
fibres are comparatively homogeneous, those of certain other genera, including 
the present one, are conspicuously compounded out of concentric cylinders. Such 
fibres may have a central pith as in Verongia, or may not; they may contain a 
central core of foreign debris, or may not. As in Spongia, such cored fibres may be 
only the primary or ascending columns. In Thorectopsamma,. however, the 
common, interlacing fibres are likewise cored with mineral detritus—so that the 
sponge contains very large quantities of inorganic material. This is implied in the 
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name (psamma=sand). Such profusion of foreign inclusions is commonplace in the 
family Dysideidae, where the flagellate chambers are larger and sack- A but © 
it is rare in the Spongiidae. 


THORECTOPSAMMA CHROMOGENIA, Sp. n. 

The syntype, which is a portion of the holotype, is represented by British Museum 
(Natural History) register number 1948.8.6.3. The residue of the holotype is 
deposited, at least temporarily, in the Museum of the Government Aquarium at 
Flatts, Bermuda. 

Date collected.—June 18, 1947. 

Abundance.—Uncommon. 

Shape.—Massive, with more or less numerous short digitate processes. 

Size.—To at least 5 cm. diameter, processes 1 to 2 cm. thick, 3 cm. high. 

Colour.—The living sponge is recorded as being red ; in alcohol it turns to drab, 
and the alcohol is only slightly discoloured. It is said that when handled the 
living (injured) sponge gives off great quantities of red exudate. 

Consistency.—Spongy in life and spirit specimens. The laminate type of fibre 
is consistently stiff and rather brittle when dry, therefore the same would be 
expected of dried specimens of this species. 

Surface.—Conulose, conules 1 to 2 mm. high and 3 to 4 mm. apart. 

Oscules.—Few in number, usually on the sides rather than on the ends of the 
processes. They are about 4 mm. in diameter and do not have conspicuous collars. 

Pores.—The external layer of this sponge is full of skeletal pores, which occupy 
nearly half the surface area. Their diameter is about 150 microns. Each of them, 
however, is filled in by a fleshy membrane which is perforated by closeable proper 
pores, and these are only 30 to 50 microns in diameter at the largest. Two to five 
of these occur to each skeletal pore. 

Ectosome anatomy.—There is an organic dermis about 15 microns thick. It does 
not contain much (if any) foreign material. It can be detached, as there are small 
but definite subdermal cavities. 

Endosome anatomy.—Large portions of each of the two specimens that are now 
available for study evidently were dead at the time of collection ; they are merely 
bits of macerated skeleton. There are scattered islets of soft parts that evidently 
had been alive when the specimens were preserved, but these are difficult to study 
because of their small size and the abundance of sand that is present. The 
assumption is here made that the flagellate chambers were the small ones, such as 
ordinarily go with the laminated fibres; it is likely that if the other type of 
chamber had been present, that one could have found them. Small, round chambers 
are, of course, more obscure, more readily obliterated. 

Skeleton.—Fibro-reticulate, with fibres of clear, translucent, yellow spongin. 
Both primary and secondary fibres contain scattered foreign material, especially 
sand grains. The fibre diameter varies from 75 to 750 microns, and the meshes 
tend to be polygonal in outline. 

The genus Thorectopsamma was established by Burton, 1934, page 577, for 
the one species T'horectopsamma irregularis. This, a single specimen only, came 
from a depth of 45 metres, just north of Australia. It was massive, black as to 
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exterior, drab as to interior. Its conules were much like those of the Bermuda 
species, but it was lipostomous. Many items about it are not known ; for example, 
its pores and its flagellate chambers ; Dr. Burton was forced to deduce the chamber 
type from the laminated fibres, just as I was similarly constrained at Bermuda. 
The primary fibres were 200 microns, and the secondaries 120 microns in diameter, 
thus significantly larger than the fibres of chromogenia. Needless to say, being a 
museum specimen, it is not known if wregularis gave off a coloured exudate or not. 
The colour difference alone, however, would serve to differentiate the Australian 
and the Bermudan species. 

It is clear that sponges with laminated fibres rarely have these cored both in 
the primary and in the secondary placements ; Burton’s one specimen and my two 
seem to fill the whole list of such. 


Fig. 8. 


Camera lucida drawing, x 30, of a bit of the skeleton of Thorectopsamma. chromogenia. The enclosed 
scale shows one millimetre, divided into ten parts of 100 microns each. 


In 1932 I collected two specimens (June 30 and July 10) at the Dry Tortugas, 
north of Cuba, and described them in 1936, page 16, as Oligoceras hemorrhages. 
These were coloured like Burton’s Thorectopsamma irregularis, but were classified 
as Oligoceras because the fibre was not evidently stratified. They had this other 
difference, that upon the slightest jostling the living specimen gave off great _ 
quantities of crimson exudate, quite like bleeding. Naturally one must wonder 
at the connection, if any, between Thorectopsamma chromogenia and Oligoceras 
hemorrhages. For a long time I considered that they might be conspecific, in 
spite of skeletal differences. Dr. Werner Bergmann, however, has determined 
that the pigment of hemorrhages is water-soluble, whereas that of chromogenia 
is insoluble in water, but soluble in lipoids, hence probably is carotenoid. Thus 
the curious resemblance in bleeding does not at all indicate close relationship. 
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Does it perchance have some value to the sponge, in some aka: ee i 
survival value? © 

Additional pliyeiolorital enc peschemieat studies of Thorectopsamma chromogen 
are, of course, to pe pee r OGY 
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iG amit DYSIDEIDAE Gian 


Sponges of this family are set off from those in the Spongiidae by having Larges 
sack-shaped, flagellate chambers. This is also true of the ensuing two families, ‘the 
Aplysillidae and Halisarcidae, but these two do not have reticulate fibrous skeletons; 
as’ the Dysideidae do. It is' often impossible to identify dried, macerated gadge 
skeletons even as to family, in that the skeletons of some Spongiidae are much 
like the skeletons of some Dysideidae. Those skeletons ‘that are still elastie when’ 
dry are certainly Spongiidae, and so are those with conspicuous pith ; after that, 
confusion begins. It is true that most species of the Dysideidae have all their 
fibres, both ascending and transverse, or principal and secondary, loaded with 
foreign material, whereas few species of the Spongiidae do, but it is noteworthy 
that some Spongiidae do have both types of fibre so loaded. The reverse also 
exists ; a few of the Dysideidae have skeletons which are as devoid of foreign 
inclusions as are the skeletons of the majority of the Spongiidae. 

Living Dysideidae are usually fleshy and conulose, as are the majority of the 
Keratosa. Dried specimens are often brittle, and when handled they may give 
conspicuous indication of the fact that they are full of sand. 


Genus DysipEa Johnston. 


Sponges of this genus are quite typical of the family described above—other 
genera therein may be described by noting their points of difference. 


DysIDEA FRAGILIS (Montagu) Johnston. (See Pl. I, fig. 3.) 

Bermuda specimens of this sponge are represented by British Museum (Natural — 
History) register number 1948.8.6.9. 

Date collected.—July 26, 1947. 

Locality.—Castle Harbour, Bermuda, at the west side, but north of the causeway, 
on an abandoned wharf. Numerous minute specimens of Dysidea were observed 
in the shallow water about Bermuda, and not identified further because of their 
smallness ; many of these may have been fragilis. 

Shape.—There is a basal mass from which processes often arise ; “sheds latior 
are about 1 cm. in diameter, 2 cm. high, and are definitely simon at the distal 
end ';"see Pl. I, fig. 3. 

Size.—Masses the size of a human hand are common. 

Colour.—The living and preserved sponge is essentially grey. A greenish colour 
which is observed in the field is obviously that of the algae to be discussed further 
_ below. 

Consistency.—Extremely soft, fragile, and compressible, as easily torn as wet | 
tissue paper. 

Surface.—Finely and densely conulose, conules less than 1 mm. high and only 
about 1 mm. apart. 
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‘ Oscules.—Large and conspicuous, up to at least 7 mm. in diameter, and situated 
at the summits of the above-mentioned processes. The oscular cloacas render 
these processes hollow. The openings undergo iris-type closure by horizontal 
‘membranes. ‘This is illustrated in Pl. I, fig. 3. 

\'Pores.—Microscopic and very contractile. There are apertures through a dermis 
that may just possibly contain spongin ; these are 250 microns in diameter. Each 
aperture is closed, however, by an obviously protoplasmic membrane that’ may 
possess two to eight potential openings, here regarded as the true pores. These 
have been found opened as wide as 100 microns, which may be abnormal— 
40 microns is rather to be regarded as normal. 

Ectosome anatomy.—There is a conspicuous, yet semi-transparent organic 
dermis over the surface of the specimens. This is about 20 microns thick, but is 
difficult to study because it is very contractile. When cut, it shrinks seriously. 

Endosome anatomy.—Dysidea fragilis, typical specimens, contain a fibro- 
reticulation in which the spongin is occasionally conspicuous ; there may be neat 
fibres cored with a row of foreign objects. There is a strong tendency, how- 
ever, to pick up rather large inclusions, and often the strand is merely a mass of 
sand and other debris, of which the individual particles are coherent as the result 
of minute bits of spongin. Whole specimens may consist more of sand than of 
anything else. 

“In the Bermuda specimens which are here identified as Dysidea fragilis, there 
occurred no evident spongin at all, nor any typical fibres. They were precisely 

_replaced, however, by strands of an alga. Although it was a clear, dark green in 
colour, and very flexible, it is probably a member of the so-called Red Algae, 
Rhodophyceae, and is probably of the genus Jania. Verrill in 1907 found an alga 
of this genus filling the sponge that he called, therefore, Desmacella jania. In 
1947 what is evidently the same sponge was found, but not containing any Jania 
at all. On the other hand, a Desmacidonid sponge (Xytopsues) was found that 
was nearly as full of Jania as was this Dysidea. 

The algal strands are 65 microns in diameter, green, externally longitudinally 
striated, and divided by softer regions into nodes. These sections are about 270 
microns long, that is to say, slightly more than four times as long as the thickness. 
It appears that this ratio is considered significant by algologists. 

_ Scattered through the flesh were fairly numerous foreign spicules, a few each of 
many sorts. Some of the other sponges thus represented are rare anywhere, and 
the only proof of the existence in Bermuda of certain two genera is the fact 
that recognizable spicules of their skeletons were found in this Dysidea. These 
two other genera are Cyamon (see page 68) and Samus (see page 130). 

The flagellate chambers are typical sponge organs, but are a little small for 
Dysidea ; their diameter is often only 40 to 50 microns. _ 

Dysidea fragilis typically has a skeleton of foreign inclusions, knit together by 
almost invisible bits of spongin. It may be separated from other species by the 
pale, usually grey colour, coupled with the finely conulose surface. Emphasis 
has seldom or never been laid on the swollen tips to the digitate processes, and I am 
not certain that this is a valid specific trait, but it may be. 

\ 
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Obviously the present specimens constitute a problem in identification. The 
shape and dermis are clearly sponge, the contractile pores and oscules, the canals. 
and chambers, all fix this in the Porifera. Yet there is little or no sponge skeleton, 
usually so conspicuous. Sponges of the family Halisarcidae have no proper 
skeleton, other than the colloidal ground substance, but this Castle Harbour 
mystery appears very different from the gelatinous, translucent encrustations of 
Halisarca. I have studied carefully the sponges of various portions of the West 
Indian region, where there is a common sponge that I have long identified as 
Dysidea fragilis : see de Laubenfels, 1936, page 27, and especially plate 6, fig. 3, 


Fig. 9. 


Camera lucida drawing, 150, of a section of the Bermudan sponge which is here identified as. 
Dysidea fragilis. Algal filaments predominate. The area that is filled by sponge protoplasm 
is shown stippled, and in it, in several places, are shown some of the flagellate chambers which 
happened to be in focus. About nine of the foreign spicules show. The enclosed scale shows. 
100 microns by tens. 


opposite page 28. This figure would do very well for the Bermuda sponge which is 
now under discussion. It is largely on the basis of this close resemblance to a 
familiar species that I make the identification. It seems to me logical that a sponge 
which has as a specific characteristic the accumulation of coarse and abundant 
foreign material might be likely to make use of algae instead of sand. However, 
for the form here described, I propose the limiting designation of Dysidea fragilis, 
form algafera. It is possibly genetically identical with other specimens of fragilis ; 
the use of alzae may be purely environmental, and yet some means of discrimination 
may be useful in future references to this type. 
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The species fragilis was first described as Spongia fragilis by Montagu, 1818, 
page 114, from European waters. It is a common, practically cosmopolitan - 
sponge, and is the type of the genus Dysidea. 


DysIDEA ETHERIA de Laubentels. 

Bermuda specimens of this species are represented by British Museum (Natural 
History) register number 1948.8.6.10. 

Date collected.—July 28, 1947. 

Locality.—Harrington Sound, also Walsingham Pond, and coasts ‘ae Bermuda in 
general. 


Fig. 10. 


Camera lucida drawing, x40, of a bit of secondary fibre of Dysidea etheria. An illustration of a 
primary fibre would appear merely like a row of rocks, nevertheless it should be kept in mind 
that this illustration does not represent the whole skeleton. The enclosed scale shows 
1 mm. divided into ten parts. 


Abundance.—Very common. 

Shape.—Encrusting to massive, sometimes with short, thick processes. 

Size.—The masses are often 4 to 7 cm. thick. The processes, if any, are 2 to 4 cm. 
in diameter, and about as high. Sometimes they are enlarged toward the tips. 

Colour.—The living sponge is bright, clear, light blue. It quickly fades in alcohol 
to nearly white, colouring the fluid a brownish orange. Dried specimens are pale 
brownish grey. 

Consistency.—The living sponge is very spongy, only moderately easily torn. 
Dried, as well as spirit specimens retain this elasticity rather well, in quite a great 
contrast to specimens of Dysidea fragilis and some other species of this genus. On 
the other hand, they are by no means as elastic as are the commercial sponges. 

Surface.—Conulose, conules about 1 mm. high and 2 or 3 mm. apart. 

Oscules.—There are surface openings, up to nearly 10 mm. in diameter. Some 
of these, however, may be accidental tears. There are very numerous round 
openings, 1 to 2 mm. in diameter ; these are probably the true vents. 
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Pores.—Microscopic, contractile, and yous completely contracted in preserved 
specimens. 

Ectosome anatomy.An organic dermis, very elastic or contractile, about 
10 microns thick. 

Endosome anatomy.—Fibro-reticulate and cavernous, with cavities of all sizes 
from 10 mm. in diameter downward. The principal fibres ascend through the 
sponge, roughly perpendicular to the surface, and terminate at the surface conules.. 
Flagellate chambers are about 30 by 60 by 70 microns. 

Skeleton.—The principal fibres are loaded with foreign inclusions, usually 
calcareous sand, or the spicules of calcareous sponges. The spongin is merely a 
cement, and the whole has a pronouncedly irregular outline. These tracts are at 
least 100 microns in diameter. They are interconnected by an irregular network 
of numerous secondary fibres, a little smaller and less packed with foreign matter 
than the ascending fibres. Mesh sizes are in the neighbourhood of 1 mm. in 
diameter. 

Dysidea etheria was described by de Laubenfels, 1936, page 38, from the Dry 
Tortugas, north of Cuba. In that portion of the West Indies the species is not so 
common as it is in Bermuda, and there are no records of its occurrence elsewhere. 
The colour is most distinctive. The obvious preference for calcareous inclusions, 
especially in the principal fibres, is worthy of comment. The shape differs a little, 
and the conule pattern differs yet more, from Dysidea fragilis. 


DyYSIDEA CRAWSHAYI de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.11. 

Date collected.—July 28, 1947, and many others. 

Locality—Harrington Sound, also Walsingham Pond and the coasts of the 
Bermudas in general. 

Abundance.—Extremely common in the Sound, and in the pond, where areas 
each greater than one square metre are covered many centimetres thick by this 
sponge. In other localities, off the coast and in bays, an occasional shilling-size 
bit of this species may be found growing on the underside of a rock. 

Shape.—Encrusting to massive, sometimes sending up broad, low lobes. 

Size-—The masses are often as much as 10 cm. thick, and grow laterally 
indefinitely. They frequently achieve a total area of over one square metre. 

Colour.—The living sponge is a bright orange. It appears yellow as viewed 
through several metres of blue-green sea-water. It fades and dulls somewhat in 
alcohol, but still may be termed orange ; it colours the alcohol brownish orange. 
Dried specimens are buffy white. 

Consistency.—_Softtly spongy, extremely easily torn and compressible; both 
living and spirit specimens of Dysidea crawshayi fall apart of their own weight if 
lifted out of water. This may have some bearing on items thought worthy of 
comment in the original description of this sponge. The compressibility is such 
that a live or alcoholic specimen may easily be squeezed between the pupgets into 
less than a tenth of its original volume. 
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Surface.—Very conulose, conules about 2 mm. high and 4 mm. apart. The 
skin between the conules is obviously porous or punctiform. 

Oscules—There are holes in the surface, 2 mm. and upwards in diameter,. 
but extremely irregular; at least some of them are probably accidental “tears, 
which happen so easily to crawshayi. There may be, in this species, 
some natural confusion as to which openings are exhalent, and which are 
inhalent. 


ee Rign 1: 


Camera lucida drawing, x 40, of a portion of macerated skeleton of Dysidea crawshayi. The structure 

is so confused (between sheets and fibres) in three dimensions, that it is difficult adequately to 

_ illustrate it. In this drawing the spicules show in only a few of the places where they actually 

occurred ; elsewhere they were buried in semi-opaque spongin. One may gain from this 

illustration, in spite of its limitations, the impression of a confusion of tracts and sheets that 
actually occurs. The enclosed scale shows 1 mm. divided into ten parts. 


\ 


Pores.—The surface is full of apertures about half a millimetre in diametre, 
but so contractile that the “ normal ” size can only be estimated. These are 
large for pores, and—as noted—some may be vents. Large as they are, these 
openings are yet less than a millimetre apart over considerable areas of the 
sponge. 

Ectosome anatomy.—There is a fleshy dermis, but it is so fragile that it becomes 
lost from portions of the sponge even while the animal is alive and healthy. 
Comment on this may be found in the original description. This detachable dermis 
~ is less than 10 microns thick. 

E 2 
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Endosome anatomy.—Very cavernous. Some of the gross cavities are more 
than 3 mm. in diameter. The protoplasm together with the skeleton still makes 
up only a small faction of the total volume that the sponge occupies. arly in 
August, 1947, this species was loaded with embryos, almost 1 mm. in diameter, 
and bright rich reddish orange in colour. The surrounding flesh was, at this time, 
in a somewhat degenerate condition. 

Skeleton.—Exceptionally difficult to illustrate. There is spongin, but it is 
rather in sheets and almost flocculent masses than in proper fibres. The sheets 
are so fenestrated in places that it may be assumed that they are built up by a 
fibrous reticulation, fibres represented by frameworks about the windows. Most 
of these irregular, highly modified fibres or fibrous sheets are loaded with foreign 
inclusions, almost exclusively siliceous spicules. There are also many spicules 
loose in the flesh. At times the environment provides spicules of only one kind ; 
then a false impression arises that the Dysidea is instead the species whose spicules 
it has appropriated. At other times numerous sponge species are represented by 
the spicules within a single Dysidea specimen. 

This species was first described by de Laubenfels, 1936, page 28, from the Dry 
Tortugas, north of Cuba. Only one small fragment was found in that part of the 
West Indies, nor are any reported elsewhere ; Bermuda appears to be the centre 
of abundance of this sponge. Furthermore, other than in Harrington Sound and 
Walsingham Pond, there appear to be only tiny growths of it—much like the one 
from the Tortugas. 

In the original account I said of my one specimen that it looked as though the 
ectosome had been removed, because the interior was cavernous and nakedly 
exposed, but I further said that this denudation was improbable. After studying 
the live species at Bermuda, I must reverse the opinion ;, it is highly probable that 
the Tortugas specimen (type of the species, U.S.N.M. 22454) was really just a 
basal region. I feel sure now that there had been much more rising above that 
base, which portion fell off during collection. The specimen: was on a bit. of 
limestone that was dredged from a depth of 70 metres, and such an accident could 
easily happen, in the dredge, to so fragile a sponge. 

On the basis of the original description alone, this species would have seemed 
to be an Huryspongia, because it was said to have secondary fibres devoid of foreign 
inclusions. Study of the many specimens at Bermuda show that this clear 
condition obtains here and there in secondary fibres of crawshayi, but is not 
typical ; most of the secondary fibres are cored. Of course, it must be kept in 
mind that the whole skeleton is confused, not sharply divided into primary and 
secondary fibres as keratose sponges usually are. The allocation to Dysidea is 
confirmed by the studies at Bermuda. 


. Genus DenpRILLA Lendenfeld. 3 


The type, and thus the typical Dendrilla, is the sponge which was originally 
described as Spongelia cactus by Selenka, 1867, page 565. 

In describing and naming Dendrilla, Lendenfeld emphasized a dendritic type of 
skeleton, that is to say, one that consists of trunks which branch as trees branch, 
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but do not anastomose into a network. It is true that portions of the skeletons 
of this species consist of fibres of this sort, but on the other hand, in considerable 
regions the fibres do anastomose to form a network, as Lendenfeld’s detailed 
descriptions show. ’ 

A redescription of Dendrilla, or rather a corrected emphasis, is in order. 
Lendenfeld’s descriptions also show that this is a sponge which is otherwise like 
Dysidea (or even more like Huryspongia) in that—like those genera—it has large, 
sack-shaped, flagellate chambers. But, whereas in Dysidea both ascending and 
transverse fibres are cored with foreign detritus, and in Huryspongia the ascending 
but not the transverse are thus cored, in Dendrilla neither the ascending nor the 
transverse fibres are filled with foreign material. The sponges of this genus are 
fleshy and conulose as are most Keratosa. It thus becomes evident that the 
genus Megalopastas Dendy is congeneric with, and must fall in synonymy to 
Dendrilla. 


DENDRILLA NUX, sp. n. 


The syntype, which is a portion of the holotype, is represented by British 
Museum (Natural History) register number 1948.8.6.12. The residue of the holo- 
type is preserved in Bermuda, at least temporarily, in the Museum of the 
Government Auarium at Flatts. 

Date collected.—August 8, 1947. 

Locality. Walsingham Pond, Bermuda, and perhaps also in Harrington Sound. 
No specimens are as yet recorded from the latter region, but there are reports of 
sponges seen which superficially resembled Dendrilla nuz. 

Abundance.—Not common. Nearly every search of several hours’ duration at 
Walsingham Pond in 1947, yielded one specimen, but this means in all only four 
specimens, one of which was minute. Two or three specimens were collected there 
in 1946 by Dr. Bergmann. 

Shape.—A basal mass, with or without short digitate processes. 

Size.—Up to 10 cm. high, at least. The processes, when present, are about 2 cm. 
in diameter, and only a little more than 2 cm. high. 

Colour.—The living sponge at first seems to be jet-black. In many lights, 
however, there are blue gleams, and careful study reveals that it is actually very 
dark blue, but not at all violet. When tampered with, this sponge “ bleeds” a 
rich, clear blue pigment. Here occurs a curious possibility for misunderstanding. 
The following species (Lanthella) gives off a deep violet or purple exudate, but is 
locally known by the colloquial designation of ‘“‘ blue bleeder”’; Dendrilla more 
appropriately earns such a title. 

In alcohol the blue-black colour is maintained, but the fluid itself is coloured 
prussian blue. 

Consistency.—Fleshy, softly spongy. 

Surface.—Conulose, with conules about 2 mm. apart. It is difficult to assign a 
height to the conules ; they are certainly over 1 mm. high, but often seem higher 
because a bit of naked fibre protrudes from the apex. This characteristic of the 
genotype led Selenka to name it “‘ cactus ”’. 

Oscules.—Minute, contractile. 


/ | 
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Pores.—Microscopic, contractile. 
Ectosome anatomy.—There is an organic dermis, about 15 microns thick. 


Endosome anatomy.—Fleshy, microcavernous. The flagellate chambers are large 


and sack-shaped, about 60 by 80 microns in measurement. 

Skeleton.—There is a basal plate of spongin, as in the Aplysillidae. It is not 
without some reason that sponges which are here regarded as Dendrilla have been 
regarded as belonging to the Aplysillidae. From this basal plate, at distances of 
some 2 to 3 mm. apart, arise fibres that are rather uniformly 80 microns in 
diameter. These do not taper noticeably, which is remarkable ; even after giving 
off branches they remain practically the same size. This is not the case with 
typical dendritic fibers, whose branching is like a splitting, and is therefore bound 
to yield smaller and smaller strands. Instead, it is like the branching of a truly 
reticulate skeleton, where the fibre diameter is maintained. In further. confirm- 
ation of this relationship, rather numerous anastomoses of the fibres can be 
found. 


Fig. 12. 


Camera lucida drawing, x30, of a portion of the fibre of Dendrilla nux. At “ B” a bit of the basal 
plate of spongin is shown. The enclosed scale shows 1 mm. in ten parts. 


The fibres of Dendrilla nux contain, here and there, an isolated foreign inclusion, 
such as a bit of spicule. This renders classification difficult, but not impossible. 
These are definitely not ‘‘ cored” fibres as in Dysidea. They are distinctly and 
emphatically laminate in structure, which structure is here considered to be 
probably true of all the Dysideidae. The immense amounts of foreign matter 
with which the fibres of other Dysideid species are cored prevent observation of 
the lamination in many cases. 

Dendrilla nux is closely related to Dendrilla nigra, a species of the vicinity of 
Ceylon. For quite a while I was disposed to call it nigra, but have decided to 
erect the new name for several reasons. In migra the ascending fibres are only 
50 microns in diameter, and the transverse fibres only 30 microns, where they 


are all 80 microns in nux. The Ceylon species is tuberculate where the Bermuda. 


species is conulose ; this is a very significant difference. It is lamellate, whereas 
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nux is massive ; this is a minor difference. It is described as merely black, not 
blue-black ; it is possible that Dendy might have regarded the two terms as 
synonymous—yet he was a careful writer, disposed to give very precise descriptions. 
He described migra first as a Spongionella (1889, page 94). Spongionella is a genus 
with pronouncedly reticulate skeleton and laminate fibres. If it had small, round, 
flagellate chambers it would be a synonym of Cacospongia. With large,. sack- 
shaped, flagellate chambers, it might. match Dendrilla, or Huryspongia. The 
significant fact is that the chamber system of Spongionella is not known. Therefore 
Dendy himself, in 1905, page 205, abandoned Spongionella and erected for nigra 
as type the genus Megalopasias. It is true that Dendrilla had been long established 
(Lendenfeld, 1883, page 271) but the “diagnosis” did not give the proper 
emphasis, hence Dendy overlooked it. 

. The type of Dendrilla, cactus or cacta, is a rosy red sponge, emphatically different 
in colour from the rest that may be assigned with it. These include, besides nux 
and nigra, a dark purple sponge (Dendrilla janthelliformis Lendenfeld, 1888, page 29). 
This and cacta are Australian. Nua appears to be the first record of a Dendrilla 
from the Western Hemisphere. 


Genus [ANTHELLA Gray. 


~ Sponges of this genus, otherwise very much like Dendrilla, have in their fibres 
a large central pith such as occurs in the fibres of Verongia. Furthermore, there 
are rather numerous, scattered cells in this pith, giving rise to much speculation 
and need for further research. Many authors have put Janthella, as well as 
Dendrilla, in the Aplysillidae, for example, Minchin, 1900, page 154; yet both 
genera have definitely reticulate skeletons, quite unlike the proper Aplysillidae. 
Ianthella is set off. chiefly for intra-fibre cells or cell-like bodies. 


TANTHELLA ARDIS, sp. n. 

The syntype, which is a portion of the holotype, is represented by British 
Museum (Natural History) register number 1950.5.23.1. The rest of the holotype 
is preserved in Bermuda, at least temporarily, in the Museum of the Government 
Aquarium at Flatts. 

Date collected.—July 15, 1949, and many others. 

Locality.—Harrington Sound, Bermuda. On July 2, 1947, two small specimens 
were found near North Rock, near the north edge of the slightly submerged plateau 
known as “ Greater Bermuda ”’ 

Abundance.—Extremely common in Fain Sound, elsewhere equally 
uncommon. 

Shape.—At first encrusting, but soon huge clavate processes arise. 

Size.—The processes are 4 to 6 cm. in diameter, and at least as much as 40 cm. 
high in specimens near Abbott’s Cliff. A common height is 20 cm. 

Colowr.—When this species grows in dim light, as for example back under an 
overhanging ledge, itis yellow. The greater the illumination, the greener it grows ; 
some specimens in unshaded water as little as 2 metres deep, are emerald or grass 
green. Taken out of water, or put into preservative, Janthella ardis at once begins 
to turn more bluish. After a few hours, or a day, depending on temperature 
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and unknown factors, probably concerned with the sponge’s physiologic condition 
and pH, it turns dark purple, almost black. The alcohol in which this species is. 
preserved is coloured opaque dark reddish purple. The dried sponge is black. 
The living sponge when roughly handled gives off a purple exudate, and for this 
reason is somewhat illogically known by the colloquial name of “‘ blue bleeder ”’. 

Consistency.—In life and in spirits this species is fleshy, somewhat stiffly spongy. 
The dried specimens are like very hard rubber, almost like ebony. 

Surface-—Conulose, with conules about 1 mm. high and 3 to 6 mm. apart; 
other than this, the surface is exceptionally smooth. 

Oscules.—Often terminal, extremely contractile. In the live sponge they are 
so large that one’s finger can be placed into them, down into the cloaca. In dead 
specimens they can scarcely be found. é 

Pores.—Small, abundant. The openings in the sponge dermis are about 160 
microns in diameter. Each of these is then. filled in with a protoplasmic layer 
that contains six to thirteen proper pores, which are often 10 microns in diameter ; 
they may open to 20 microns in some dried specimens, perhaps then being 
unnaturally stretched, and they may close completely in the living or dying sponge. 


Fig. 13. 


Camera lucida drawing, x 100, of bits of the fibre of Janthella ardis ; at the left, a transverse or slightly 
oblique section ; at the right, a fibre longitudinally bisected, and viewed from the inside. The 
hundred larger dots are cells. The laminations of the fibre are indicated. The enclosed scale 
shows 100 microns by tens. 


Ectosome anatomy.—A tough dermis, apparently made—at least in part—of 
spongin. It is about 15 microns thick. 

Endosome anatomy.—Dense, fleshy. The flagellate chambers, while sack-shaped, 
are only a little larger than the round chambers of the Spongiidae ; they are some 
40 microns in diameter. 

Skeleton.—Coarse fibres, making a reticulation with meshes 2 to 4 mm. in 
diameter. Much of the skeleton, especially near the surface, is dendritic ; the 
fibres branch more often than they anastomose. They are about 300 microns in 
diameter, with a central core some 200 microns in diameter. The shell of the 
fibre is obviously laminate, translucent, amber-yellow spongin, as in Verongia, 
and like other laminate fibres it is very flexible when. wet, but very stiff, even 
brittle, when it is dry. Inside each fibre there is colloidal organic material, and 
a sprinkling of cells. These seem to correspond to those abundant amoeboid cells 
of the sponge flesh that contain dark pigmented granules. 
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The type of Janthella is the species that Linné, page 1348, named Spongia 
flabelliformis. It is an Australian species, and differs from ardis in that it has a 
pronounced tendency to become fan-shaped, as its name implies. Although it has 
abundant environmental encouragement, for Harrington Sound has no violent 
currents and does have some steady, gentle ones, nevertheless ardis shows no 
trace of flabellate form. The Australian sponge probably has some colour changes 
akin to those of ardis, however, because there are contradictory reports as to its hue. 

There has been some idea that in all the world there éxists but one species of 
Ianthella. In 1927 I collected a small specimen near the Dry Torgugas, north of 
Cuba. There was so little to deal with that I reported it in 1936, page 32, as being 
the West Indian representative of a cosmopolitan race. This Tortugas specimen, 
however, was almost certainly ardis and not flabelliformis. I used the species 
name basta incorrectly ; flabelliformis has priority, if basta belongs here at all, 
which is dubious. 

How does it happen that there are cells in the fibre? Are they trapped there 
when the fibre forms, and imprisoned? Are they free to come and go, as the 
amoeboid cells in general are? If so, how do they gain egress and access? The 
fibre bark certainly appears imperforate. Are they even alive? It is not certain 
that they are—although one would expect them to decay if they remained 
moribund for the length of time that must be required for a fibre to grow around 
them. 

It may possibly be that Janthella is moderately common in some portions of 
Australia, but this is far from sure, to judge from the literature. Certainly 
specimens of this genus are quite rare in most parts of the world. There are not 
only very numerous specimens in Harrington Sound, but easily collected and 
convenient to a well-equipped modern biological laboratory. It is therefore 
greatly to be hoped that someone will take advantage of this combination to 
investigate carefully the fibre of Janthella ardis. 

There has been some confusion between the genus Janthella and the genus 
Basta. Basta was established by Oken, 1814, page 77. He described it as being 
for sponges with a woody basis, branches in one plane, anastomosing. He described 
two species, first ventilabrum, second flabelliformis. The latter has often been 
assumed to be Spongia flabelliformis of Linné, 1759, page 1348, although there is 
nothing in Oken’s paper to make this evident—he does not credit Linné. Still, 
it is a fair guess that Linné’s species is involved. Gray, 1869, page 49, established 
Ianthella to have Linné’s flabelliformis as type, hence the assumption that Basta 
and Janthella are congeneric. 

The species flabelliformis, however, cannot be the type of Basta. Oken added, 
in his original description, two more species, which he indicated had already been 
described—these were Spongia basta and Spongia grossa. Because of Article 30d of 
the International Rules of Zoological Nomenclature (type by absolute tautonymy) 
the species basta must be the type of the genus Basta. Thus the genus does not 
follow Oken’s diagnosis, but instead assumes the traits that will permit it to retain 
the type species, the one species that cannot be transferred out of it. 

Spongia basta was described by Pallas, 1766, page 379. His original description 
is extremely brief, and unrecognizable, and his specimens are lost ; therefore it is 
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in order to establish a neotype, and for this I select British Museum (Natural 
History) register number 83.12.4.28. This sponge is fibrous, and so as nearly 
consistent as possible. It is a Spongia, species officinalis, therefore basta falls in 
synonymy to officinalis and Basta to Spongia. 

Esper, 1794, page 245, plate xxv, had a specimen which he surmised might be 
Spongia basta of Pallas, although this is, of course, highly problematic. His 
specimen might be considered as being a sort of neotype, but it is positively not 
so designated at all. Esper’s specimens were preserved in the Cabinet of Hermann, 
and for them, in 1931, page 90, Topsent established the new species name hermanni 
on the assumption that it was not the same as basta of Pallas. For hermanni as 
type, he established the genus Pseudobasta, which has dark, stratified fibres with 
no proper pith. Because the flagellate chambers are unknown, its systematic 
position is completely mysterious, but it certainly falls to the equally mysterious 
but similarly characterized genus Spongionella Bowerbank, 1862, page 1119. If 
it were true, as is probably not the case, that Esper’s specimen fixed a type for the 
species basta on which the genus Basta is grounded, then Pseudobasia, Spongionella, 
and Basta would be congeneric, the other two falling in synonymy to the earlier 
Basta. It is therefore helpful to the cause of stable nomenclature to establish 
(as I have done) a neotype for Pallas’ species, and thus to keep the species basta 
(as Pallas had it) within the genus Spongia, dropping also the genus Basta to 
Spongia. 

Family APLYSILLIDAE Vosmaer. 


This is the family also called Darwinellidae. The genus Darwinella antedates 
the genus Aplysilla, but Aplysilla is typical of all the genera referred here except 
Darwinella, which is unique, and susceptible to removal for the formation of a 
family of its own. This separation has not yet been proposed, nor is it here proposed, 
nevertheless it is so conceivable, that Darwinella is not a suitable type genus for 
Aplysillidae. 

Sponges of this family look and feel much like all the other Keratosa, fleshy and 
conulose, but they are seldom very tall, often merely encrusting. Like sponges 
of the family Dysideidae they have large sack-shaped flagellate chambers. Unlike 
either Spongiidae or Dysideidae, their skeletons are not reticulate. They do have ~ 
fibres, but these branch without anastomosing, ‘There is a basal plate of spongin, 
which is either absent or inconspicuous in the species of the preceding families. 
From. this base, trunk-like fibres arise, largest at the base, tapering—smaller and 
smaller—into tree-like branches. ‘These fibres are laminate, and like all such, 
are quite elastic when still wet, but become stiff and brittle upon drying. 


Genus APLYSILLA Schulze. 


Sponges of this genus are well characterized by the family description. The 
other genera of the family can be described by telling in what respects they are 
peculiar, having distinctive added factors. 


APLYSILLA SULFUREA Schulze. 
Bermuda specimens of this species are represented by British Museum (Natural 
History) register number 1948.8.6.13. 
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Date collected —July 28, 1947, and many others. 

Locality.—Harrington Sound, Bermuda. 

Abundance.—Moderately common. 

Shape.—Encrusting. 

Size-—Up to about 1 em. thick, and often 10 to 15 cm. in Gagner 

Colour.—The living sponge is bright sulphur yellow, but it turns dark purple 
when taken out of water, when it is put in preservative, or when it merely dies 
for any reason whatever. The purple colour begins to appear almost instantly 
in air or alcohol, and continues to deepen or become more intense for several hours. 
A maximum is reached in about six hours. The warmer, the faster, as might be 
expected. 

Consistency.—Soft, fleshy, compressible. 


Camera lucida drawing, x 10, of a bit of the fibre of Aplysilla sulfurea. The base was toward 
the left. The enclosed scale reads in millimetres. 


Surface.—A very smooth skin over coarse conules. These latter are sharp 
pointed, and 3 mm. or more in height. Often the conule is a projection 5 mm. 
or more tall, with two to four branches at its distal end; of course, this is an expres- 
sion of the skeletal pattern, yet its protrusion beyond the principal surface is 
interesting. These compound conules are often 10 to 15mm. apart, whereas 
simple conules are 5 mm. apart, because the simple ones are covered BY flesh out 
nearer to their tips. 

Oscules.—Inconspicuous, not readily identified. There are occasional 1 mm. 
holes, but these often (or always ?) appear to be accidental ruptures. 

Pores.—Microscopic, contractile. 

Ectosome anatomy. —A conspicuous, fleshy dermis, about 20 microns thick, tough, 
_ but elastic. 

Endosome anatomy.—The flesh is rather dense, although the flagellate chambers 
are large and sack-shaped. In many sponges there is much that seems to the 
human observer to be “ waste ” space, but there is little such in Aplysilla sulfurea. 
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Skeleton.—As noted in the family description, there is a basal plate of spongin, 
affixed firmly to the substrata. From it dendritic fibres arise, at distances usually 
over 2 mm. apart. The upper, outer ends of these fibres are often exposed, owing 
to the circumstance that the flesh pulls away from them. This characteristic of 
sponges that seem quite healthy may be regarded as normal. The spongin of 
these Aplysilla fibres is dark brown, translucent, and pronouncedly laminated. 
There is a sort of pith or core in the centre, reminiscent of Verongia, and the dried 
fibres are brittle. These fibres are upwards of 500 microns in diameter at the base, 
tapering to less than 100 microns at the tips of the branches. 

This species was first described by F. E. Schulze, 1878, page 404, from Mediter- 
ranean waters. Keller, 1889, page 356, extended its known range to include the 
Red Sea, and Lendenfeld the same year, page 707, recorded it from Australia. 
Topsent, 1905, page 503, reported this species from the Antarctic ; there is some 
possibility, however, that this is instead another species of Aplysilla. George 
and Wilson, 1919, page 163, described an Aplysilla from North Carolina, U.S.A., 
as longispina, sp. n., but de Laubenfels, 1947, page 35, after personal study in the 
field, pointed out that this is typical Aplysilla sulfurea. It is a very widespread, 
almost cosmopolitan sponge, although nowhere really abundant. 

The species sulfurea is the type of the genus, and is set apart from others that 
have since been referred to Aplysilla, by reason of its peculiar pigment ; yellow 
in life, and purple when dead. 


APLYSILLA GLACIALIS (Merejkowsky) Lendenfeld. 


Bermuda specimens of this species are represented by British Museum (Natural 
History) register number 1948.8.6.14. 

Date collected.—July 8, 1947, and others. 

Locality Walsingham Pond and also Hungry Bay, Bermuda. 

Abundance.—Not common. 

Shape.—A thin encrustation, usually hidden. The typical location is on the 
underside of a well-submerged rock. 

Size.—The crusts are usually 2 to 4 mm. thick. In one sense of the word they 
grow laterally indefinitely, but in actual practice they soon reach some barrier, 
such as another sponge, or the exposed part of the rock. Specimens over 6 cm.” 
in diameter are uncommon. 

Colour.—A beautiful rose pink. It is noteworthy that this species is somewhat 
opaque, whereas there is a translucent quality to the appearance of most or all 
other species of the genus Aplysilla. After as much as a month in alcohol the 
pink colour, although fading, is still evident. 

Consistency.—Fleshy. 

Surface.—Conulose, otherwise very smooth, as typical of the genus. This 
smoothness is doubtless associated with the great contractility of the surface 
openings. The conules are nearly 2 mm. high, and are 3 or more mm. apart. 

Oscules.—Minute and strongly contractile. Even in life this sponge appears 
to be completely lipostomous. Doubtless, before the rock was disturbed by being 
turned over, that is to say, while the sponge was still in the quiet darkness under 
the sheltering stone, then the oscules and pores may have been still open. 
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Pores.—Microscopic, completely contractile. 

Ectosome anatomy.—There is a tough organic dermis about 15 microns thick. 

Endosome anatomy.—The protoplasmic portions are very dense, as in the type 
specimen, or perhaps even more so. ‘The whole flesh tends to contract upon dying, 
which certainly contributes to the appearance of density. It should be noticed 
that the lack of a reticulate skeleton facilitates such a contraction, also that the 
exposure of bits of the apical ends of the fibres may—at least in part—result from 
this contraction. 

Skeleton.—There is the usual basal plate of spongin, and dendritic ascending 
fibres. These are basally some 100 microns in diameter ; they occasionally branch 
and practically never anastomose. They are usually more than 1 mm. apart. 
Each contains a central pith, which varies from 20 to 60 per cent. of the total 
fibre diameter. 


Fig. 15. 


: - 


Camera lucida drawing, x 28, of one of the fibres of Aplysilla glacialis. The entire fibre is shown, but 
in two instalments. Part of the basal plate of spongin shows at the left, labelled ““B’’, The 
outer portion of the fibre is displaced and moved back, under the basal half. The enclosed 
scale shows | mm., divided into ten parts. 


This species was described as Simplicella glacialis by Merejkowsky in 1878, 
page 259, from the Arctic region. It was transferred to Aplysilla by Lendenfeld, 
1889, page 706. In 1889 Lendenfeld reported it from south of Australia, which 
seemed a most remarkable distribution, with an amazing gap in between, but 
Thiele, 1905, page 489, again found it in the South Pacific. It was then reported 
by de Laubenfels, 1932, page 125, from the coast of California, thus tending to 
bridge the gap. The present record from mid-Atlantic carries on the growing 
body of data; this is evidently a wide-ranging, practically cosmopolitan species, 
almost independent of water temperature, but always growing back in dark, narrow 
cracks, or other dimly lit locations. 

The species glacialis is distinguished by its rose-red or pink colour and by its 
appearance of opacity. Its fibres are scarcely a fifth the diameter of those of 
Aplysilla sulfurea. In the field it is more likely to be confused with Diademnid 

Ascidians than with other sponge species. 
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Genus DARWINELLA Miiller. 


Sponges of this genus have many of the characteristics of Aplysilla, such as the 
basal plate of spongin and scattered dendritic fibres ; they are fleshy and conulose 
like all keratose sponges. The chambers are reported as being large and sack- 
shaped. But the distinctive item of the genus is worthy of careful consideration, 
perhaps elevation to family rank. There is a whole category of skeleton added, 
namely, spicules made of spongin. These spicules most often bear close resem- 
blance to the shapes of those of the Calcispongiae, and the triaxon form is abundant. 
Tetraxon spicules of similar shape occur in both the calcareous sponges and in 
Darwinella, with (of course) the great difference in physical composition. There 
is this further difference, that in Darwinella one sometimes finds five, or even six- 
rayed spongin spicules. Corresponding calcareous spicules are rare to wanting 
in the Calcispongiae of today, but may have occurred in past geological ages. 


DARWINELLA MULLERI (Schultze) Miiller. 


The Bermuda specimen of this species is in the collections of Peabody Museum 
of Yale University, New Haven, Connecticut, U.S.A. 

Date collected.—Perhaps about 1907. The specimen shows no date. 

Locality.—‘‘ Bermuda ”—no further information available. 

Abundance.—Extremely rare. 

Shape.—Ramose. 

Size.—Branches some 2 cm. in diameter, total mass 8 cm. high. 

Colour.—The dried specimen is dull brown, but one may deduce that the colour 
was originally red, because Verrill had called the specimen Darwinella rubra, 
doubtless intending to describe it as a new species. 

Consistency.—The dried specimen is fragile. 

Surface.—Conulose, with conules 1 to 2 mm. high, about 3 mm. apart. 

Oscules.—Not evident. 

Pores:-—Likewise not evident, presumably very contractile. 

Ectosome anatomy.—A thin organic dermis. 

Endosome anatomy.—The specimen has been neds therefore no details are 
available as to its protoplasmic structures. Darwinella has elsewhere been reported 
as having large, sack-shaped, flagellate chambers. . 

Skeleton.—A few, scattered, dendritic fibres arise from a thin but wide spongin 
base. Each fibre is about 80 microns in diameter at its base or trunk, but the 
branches become progressively thinner with each bifurcation, up toward the surface 
of the sponge mass. 

Scattered through the sponge, in between the dendritic fibres, are the free 
spongin spicules that characterize Darwinella. In this specimen only the com- 
monest sort, the triaxon, occurs. These spicules have rays that are each about 
16 by 640 microns. They have. axial canals and all the other obvious anatomical 
features of normal calcareous (or siliceous) spicules. 

This species was first described as Darwinia mulleri by Max Schultze, 1865, 
page 5. (One must be careful not to confuse him with F. E. Schulze.) Darwinia 
had been preoccupied, thus was not available. The genus name Darwinella was 
therefore established by F. Miiller, 1865, page 351, the man for whom the species 
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is named. Miiller called it Darwinella aurea, but his later name must fall to 
Schultze’s earlier one. 


Fig. 16. 


. One of the spongin spicules of Darwinella mulleri, x75, redrawn after a camera lucida drawing. 
The enclosed scale shows 100 microns by tens. 


The original specimens were from the Mediterranean. Carter records the genus 
also from Australia (1885, page 202). Thus the Bermuda record indicates a wide 
distribution, but these sponges are nowhere common, instead they are remarkably 
rare. All seem definitely to be so closely inter-related that only a single species 


is warranted. 


Family HALISARCIDAE Vosmaer. 


Sponges of this group have no spicules nor proper mineral skeleton of any kind, 
which is true for the entire order, and like most of the Keratosa they are fleshy, 
but they are not very conulose. Conules are usually the upper termini of fibres, 
and the Halisarcidae are especially characterized by their lack of fibres. The 
only skeleton present may be the interstitial jelly or ground substance. The 
flagellate chambers are large and sack-shaped, as in all Keratosa except the 
Spongiidae. ) 

It may be that species of Halisarcidae do occur in the Bermudas. I have 
repeatedly seen thin, slimy, translucent encrustations on dead corals; this is 
exactly the appearance of such sponges. It is very difficult to detach such crusts 
and fix them suitably for histological study. In those few cases in which I was 
able to do this, the specimens proved not to be sponges at all, or else turned out 
to be spiculiferous sponges. Attention is here called to the possibility that some 
of the unsuccessful attempts conceivably may have concerned Halisarcidae. 
Continued investigation should be made of thin, translucent, slimy encrustations. 
Such should be carefully detached, fixed in strong alcohol, sectioned, stained and 


studied. 
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- Order HAPLOSCLERINA Topsent. 


Sponges of this order have spicules, but usually they have only one kind, and 
that kind very simple. They also contain spongin ; in some species the spongin 
is very scanty, but more often it is abundant. The same specimen may show 
great variation in the amount of spongin present in one region as compared to its 
abundance in another region. 

It seems clear to me that this group is polyphyletic, and some rearrangement 
may be necessary in future classification. This has little bearing, however, on the 
sponges that occur in the Bermudas, and so may be postponed. 


Family HALICLONIDAE de Laubenfels. 


Sponges of this family have very simple spiculation, usually only oxeas. . The 
amount of spongin varies greatly, but the skeleton arrangement is always reticulate. 
A very distinctive feature concerns the surface structure. There is practically 
no ectosome present at all, nor any extensive subdermal cavity, no easily separable 
dermis. It is as though the sponge (endosome) just stopped—and that is the 
surface. 

Sponges of this sort are very abundant throughout the world, emphatically 
including the Bermudas. Comparatively few genera are required, however, for 
their classification; very many specimens and species fall within the genus 
Haliclona. 

Genus Harictona Grant. 

This genus exemplifies to a high degree the characteristics of the family of which 
it is the type. Other genera of Haliclonidae are suitably held up to it for contrast, 
and their peculiarities stressed. Haliclona has only generic peculiarities that are 
likewise the family peculiarities. It was established by Grant, 1841, page 5. 

HALICLONA MOLITBA de Laubenfels. 

The syntype, which is a portion of the holotype, is represented by British 
Museum (Natural History) register number 1948.8.6.15. The rest of the holotype 
is preserved, at least temporarily, in the Museum of the Government Aquarium at 
Flatts, Bermuda. 

Date collected.—August 7, 1947, and many others. 

Locality—Mullet Bay, also near Flatts. 

Abundance.—Locally quite common, but not widely distributed. This species 
consistently grows on marine vegetation of the various sorts that are termed 
“eel grass’, Zostera or Ruppia. 

Shape. i Aorahous semi-encrusting on vegetation. Occasionally short, digitate 
processes protrude, but one wonders if perhaps they arose originally over bits of 
the vegetation. 

Size.—Finger-size masses or smaller are the rule. Many specimens are under 
1 cm. in greatest measurement. 

Colour.—The living sponge is clear, vivid violet. In alcohol it fades promptly 
to a pale brownish white, and stains the fluid a dark orange colour. 

Consistency.—Very softly spongy, and compressible to an amazing extent. In 
this respect it compares to, and feels like, some fine Levant bath sponges (Spongia 
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officinalis) after they have been prepared for market. This species, however, is 
more easily torn than Spongia. 

Surface.—Superficially smooth, or somewhat punctiform. 

Oscules.—About 1 mm. in diameter. On the smaller specimens it is difficult 
to discriminate between the inhalent and exhalent apertures. 

Pores.—Large and abundant, up to at least 300 microns in diameter. But as 
already noted, the exhalent and inhalent apertures are not sharply differentiated. 

Ectosome anatomy.—No specialization at all. 

Endosome anatomy.—The flesh is scattered, rather loosely, on the very conspicuous 
skeleton. 


Fig. 17. 


ae 


Camera lucida drawing, x 150, illustrating the fibro-reticulation of Haliclona molitba, but not showing 
the scanty soft parts. The enclosed scale shows 100 microns by tens. 


Sarre ar ware | 


Skeleton.—Fibro-reticulate. The ascending or principal fibres are about 30 
microns in diameter, and are often 150 microns apart, roughly parallel to each 
other. The secondary fibres are about 15 microns in diameter, and form very 
irregular meshes. Both sorts are lumpy, with frequent enlargements and 
contractions. Both sorts contain spicules ; in places none, often a single row, and 
occasionally 2 or 3 spicules per cross-section of fibre. Remarkably few spicules 
occur loose in the flesh—nearly all are embedded. The spicules are simple oxeas 
about 2 by 100 microns. 

Far too many species names have been written into the genus Haliclona. Under 
the various synonyms, especially Chalina and Pachychalina, approximately a 
hundred designations have accumulated ; there are not that many species of this 
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genus. It is therefore with regret that I put another name in the Haliclona 
literature. Haliclona molitba is entirely of the Chalina type, even pronouncedly so. 

Quite a number of so-called Chalinine sponges, Chalina, Cladochalina, and 
Ceraochalina particularly, which were characterized by much spongin and little 
spicule—like molithba—prove on careful study to be Callyspongias, in another 
family! Actually there are rather few species of genuine Haliclona with a high 
spongin ratio. 

One may compare molitba to Haliclona palmata, originally described as Spongia 
palmata by Ellis and Solander, 1786, page 189. The Bermuda species has longer 
spicules, much fewer interstitial spicules, and is violet where palmata is recorded 
as being “ yellow ”’—but molitba turns yellow upon preservation. A redescription 
of all the old Haliclonas, based upon type specimens, would be helpful, but is 
‘perhaps impossible to achieve. The cold northern Atlantic is the habitat of 
palmata. It appears that molitba is narrowly confined to small portions of Bermuda. 

The species molitba was later found in the Bahamas, and described as new 
from there (with the same type specimens, however) by de Laubenfels, 1949, 
page 9 (American Museum Natural History, Novitates No. 1431). 


HALICLONA VARIABILIS (Dendy) de Laubenfels. 
Bermuda specimens are represented by British Museum (Natural History) 


register number 1948.8.6.16. 
Date collected.mJune 30, 1947, and many others. 


Fig. 18A. 


Camera lucida drawing, X100, of a portion of the skeleton of Haliclona variabilis, perpendicular to 


the surface. The protoplasmic surface is indicated by a dotted line. The enclosed ‘scale 


shows 100 microns by tens. <A spicule is shown, to scale, nearby. 
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Locality.— Harrington Sound, and the coastal waters of the Bermudas in general. 

Abundance.—Very common and widespread. 

Shape.—Persistently ramose, under diverse ecological placements. The branches 
are quite irregular and variable in cross-section, and likewise in diameter. They 
seldom fork ; the total sponge has usually only one or two dichotomous branches. 

Size.—The cylindrical diameters range from 1-5 to 3 cm., 2 to 2-5 cm. being 
commonest. Total sizes as tall as 15 to 20 cm. are common, but even taller ones. 
may occur. 


Fig. 18B._ 


Camera lucida drawing, x 150, of a portion of the skeleton of Haliclona variabilis, emphasizing the 
placement and pattern of the spicules with reference to the fibres. |The enclosed scale shows 
100 microns by tens. 


Colour.—The healthy growing tissue is a clear lavender. Older tissue, perhaps 
moribund, turns rusty brown. It is quite common to find specimens of which 
the upper, outer (newer) portions are lavender, while the lower parts are brown. 
An intermediate or half-dead colour exists, a blend of the two, thus a sort of grey 
or drab. This may occur as a narrow zone between the violet tissue and the 
brown. Again, most of an entire specimen may be of this dingy colour, as though 
it were ageing or dying all over instead of locally. Alcoholic specimens bleach 
to a brown so pale that it is almost white. Dry specimens turn dark walnut brown. 

Consistency.—Spongy ; not so elastic as the better commercial sponges, but 
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definitely suggestive of the same texture. The skeleton, when dry, is firm, stiff, 
slightly brittle. 

Surface—Even, slightly pilose, and obviously punctiform. All over the 
surface, about 3 mm. apart centre to centre, holes about 1 mm. in diameter lead 
down from the surface; these account for the punctiform appearance. The 
entire surface is beset with minute projecting fibre-ends ; these account for the 
pilose appearance. These fibrous projections are about 100 microns high and 
100 to 200 microns apart. 

Oscules.—Conspicuous, 3 to 6 mm. in diameter, usually 4 to 5 mm. Many are 
flush, but some have rims raised slightly, say 1 mm. In some specimens, or parts 
of a specimen, they may be only | cm. apart, in others they be 3 cm. apart, or even 
wanting from areas more than 10 cm. square. This distribution is doubtless 
correlated with the situation as regarding currents where the sponge grew ; there 
is more oscular area, and there are more raised rims, in relatively calmer places. 

Pores.—Common and large, as already described in connection with consideration 
of the surface. By no means all are as large as 300 microns, in fact, such size may 
be due to post-mortem shrinkage of the surrounding flesh, whereas in contrast 
many other sponges close their pores when they die. Pore size for Haliclona varia- 
bilis may be cited as 100 to 300 microns. 

Ectosome anatomy.—No specialization. Attention may appropriately be called 
to the directness with which pore canals go down from the surface. Of course, 
the lack of subdermal canals (parallel to the surface) is quite characteristic of 
Haliclona. . 

Endosome anatomy.—The rather scanty soft parts are scattered on the very 
conspicuous skeleton. 

Skeleton.—Fibro-reticulate. There is no sharp distinction of primary as 
contrasted to secondary fibre, or principal and transverse. The fibres are irregular 
as to cross-section size and shape of cross-section, but are often over 15 microns 
thick. They are much curved and bent, often branching and anastomosing. The 
resulting meshes are rounded, and are 200 to 600 microns in diameter, often about 
300. The fibres consist principally of spongin, but are fairly well filled with 
spicules arranged lengthwise, say 5 to 15 spicules per cross-section. A few spicules 
occur loose in the flesh. There is but one spicule sort, a simple oxea, 3 by 150 
microns. While there is some variation, even up to 6 by 160 microns, the size first 
mentioned is much the commonest. 

This species was described as Pachychalina variabilis by Dendy, 1890, page 353, 
from the West Indies, in their eastern portion. I was never able to find this species 
in the Dry Tortugas, which is in the western part of the West Indies. 

Verrill’s species Pachychalina millepora is described as irregularly ramose, fragile 
when dry, smooth reticulate surface—this could apply to many Haliclonas, but of 
course could be variabilis. Verrill described branches 12 to 25 mm. in diameter, 
which matches, as does his comment on oscules 2 to 4 mm., scattered. But he 
mentions fibres only 30 to 40 microns thick, which is small for variabilis ; fibres 
of this latter species range from 50 to 150 microns. Verrill omits any reference to 
thickness of spicule, but gives lengths as 200 to 220 microns. The spicules of 
variabilis are 3 by 150 microns. 
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The species variabilis is a commonplace, generalized Haliclona, and many 
subsequently named species resemble it. It is coarser than the genotype (oculata), 
coarser and much fuller of spicules than molitba, much fuller of spongin than are 
the next two species (crassiloba and permollis). The colour finishes the necessary 
distinguishing pattern. 


HALICLONA CRASSILOBA (Lamarck) de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.17. 

Date collected.—July, 8, 1947. 

Locality— Walsingham Pond, also Harrington Sound, Bermuda. 

Abundance.—Uncommon. 

Shape.—Massive, with rounded, almost hemispherical processes. 

Size.—A vertical measurement of at least 7 cm. is attained, and a lateral growth 
almost as great. 


Fig. 19. 


Camera lucida drawing, x 150, of a bit of the skeleton of Haliclona crassiloba. 
Only the spicules appear. The enclosed scale shows 100 microns by tens. 


Colour.—The living sponge is violet. It quickly becomes grey in alcohol, staining 
the fluid yellow. 

Consistency.—Soft, compressible, easily torn. 

Surface.—Microtuberculate ; tubercules about 0-3 mm. high and 0-6 mm. apart. 

Oscules.—Up to at least 8 mm. in diameter, without sharp rims, but often situated 
at the summits of lobes. 

Pores.—Microscopiec, contractile. 

Ectosome anatomy.—No specialization. 

Endosome anatomy.—Microcavernous and vaguely reticulate. The flesh is 
arranged in gross and flagellate chambers, with abundant canals. The flagellate 
chambers are spherical, 25 microns in diameter. 

Skeleton.—There is a ground mass that verges upon being isodictyal, many of 
the spicules being interconnected at their tips by a modicum of spongin. Through 
this framework meanders strands that consist of a few spicules per cross-section, 
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cemented by a little transparent spongin. They are almost fibres, probably are 
better to be termed tracts. A diameter of 5 to 20 microns can be assigned to 
them ; they are crooked, but are usually between 100 and 200 microns apart. 
They do sometimes branch and anastomose, but only occasionally. 

The spicules are oxeas, 3 by 90 microns. 

Spongia crassiloba was described by Lamarck, 1814, page 370, locality not 
known. The amplified description, based on original specimens by Topsent, 1931, 
page 21, makes it clear that this is a Haliclona (Topsent said Chalina). Even so, 
the specimen being so old, crassiloba of Lamarck is not too well known. | As already 
observed, however, I object to multiplying names in the already overcrowded 
genus Haliclona, and crassiloba fits our Bermuda species sufficiently well that 
Lamarck’s name may be used rather than a dubious new one. 


HALICLONA PERMOLLIS (Bowerbank) de Laubentfels. 
Bermuda specimens of this sponge are represented by British Museum (Natural 


History) register number 1948.8.6.18. 
Date collected.—July 12, 1947, and others. 


Camera lucida drawing, x 150, of a portion of the skeleton of Haliclona permollis. Only those spicules 
are drawn that were simultaneously in focus—those nearer and those farther away are omitted. 
Needless to say the reticulation is three-dimensional, but in all directions it appears much as 
here figured. The enclosed scale shows 100 microns by tens. 


Locality.—Hungry Bay, also coasts of Bermuda in general. 

Abundance.—At Hungry Bay it occurred in great masses, aggregating several 
square metres. Elsewhere it occurs only in small encrustations, often coin-size. 

Shape.—Primarily an encrusting sponge, it is remarkable that in Hungry Bay 
it becomes so thick. : 

Size.—In that favourable location it grew to a thickness of over5cm. Elsewhere 
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it is usually under 1 cm. The lateral growth, while seldom more than 5 or 10 cm., 
is actually indefinite ; it proceeds slowly but steadily until some impassable 
obstacle is reached. . ad 

Colour.—The living sponge is violet. In alcohol it quickly fades to a dingy 
pinkish white, and the fluid is promptly coloured a deep orange. 

Consistency.—Softly spongy, easily torn, and significantly somewhat slimy. 

Surface-—Microtuberculate, tubercles a small fraction of a millimetre high and 
apart. . 

Oscules.—Typically like little volcanoes, raised on conical elevations, which is to 
say that they have conspicuous, elevated rims. One finds encrustations 4 mm. 
thick with oscules 2 mm. in diameter, 3 mm. high above the other surface, and less 
than 10 mm. apart. In the large Hungry Bay specimens the oscules reach a 
diameter of 10 mm., but their collars are still only some 5 mm. high, therefore they 
are not so conspicuous. 

Pores.—Abundant, microscopic, contractile. 

Ectosome anatomy.—No specialization at all. 

Endosome anatomy.—The soft parts are well developed, somewhat cavernous, 
with generous quantities of ground substance. The skeleton permeates the interior 
ubiquitously. 

Skeleton.—A pronouncedly isodictyal reticulation ; only a small amount of 
spongin unites the spicule-ends. Thus the polygonal, often triangular meshes are 
bounded by just one spicule per side. 

The spicules are oxeas about 4 by 105 to 5 by 110 microns. 

This species was described as Isodictya permollis by Bowerbank, 1866, page 278, 
from Great Britain and transferred to Haliclona by de Laubenfels, 1936, page 40. 
Since then it has been discovered that there is in many parts of the world just such 
an encrusting, isodictyal, lavender sponge, with raised vents and only oxeas as 
spicules, these about 5 by 100 microns. I have found it on both the Pacific and 
Atlantic coasts of North America. Haliclona permollis may be regarded as a 
cosmopolitan species. 


HALICLONA VIRIDIS (Duchassaing and Michelotti) de Laubenfels. (See Pl. I, 
fig. 3.) 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.19. ° 

Date collected.—July 28, 1947, and others. 

Locality——Harrington Sound, Walsingham Pond, and the coasts of Bermuda 
in general. ‘arn 

Abundance.—Extremely common. 

Shape.—At first encrusting, then massive, then with digitate processes, and 
finally a few old specimens become ramose. 

Size-—The larger specimens, that is to say, those that are ramose, may reach 
a height of 20 cm. The cylindrical portions are usually between 2 and 3 cm. in 
diameter. 

Colour.—The living sponge is a soft, clear green. In alcohol this changes almost 
instantly to a pale, nearly white appearance, but with tinges of grey and lavender. 
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It is curious to note that the many Haliclona species which are lavender in life 
lose all trace of that colour when they are preserved in alcohol, whereas this one 
species that is not lavender, but green, is the only one to show a lavender tint in 
preservative. The alcohol itself takes on an amber shade. Dried specimens are 
dark, dull grey or brownish grey. 

Consistency.—Extremely soft and spongy, even to be described as limp. Very 
readily torn, and—in the dried state—easily broken. 

Surface.—Punctiform, relatively even, not conulose, nor evidently quberediaces 

Oscules.—Up to 6 mm. in diameter, round, flush (that is, no raised rims) and 
often at the summit of a process. They are closed by a transparent membrane 
which is pulled across them. See PI. I, fig. 3. 

Pores.—The meshes of the skeletal reticulation are conspicuous all over the 
surface ; meshes that are about 1 mm. across, centre of fibre to centre of fibre. 
The true pores are minute, contractile apertures in the flesh between the fibres. 


— 21. 


Po 
Camera lucida drawing, x 150, of the spicules in a section of Haliclona viridis. Two or three of the 


vague tracts can be made out, and their relation to the ground-work of scattered, sub-isodictyal 
spicules can be observed. The enclosed scale shows 100 microns by tens. 


Ectosome anatomy.—No specialization at all. 

Endosome anatomy.—Reticulate, microcavernous. 

Skeleton.—Principally spicular, with no conspicuous fibres. There is a ground- 
work that is vaguely almost isodictyal, and through it run vague tracts that are 
seldom more than 3 or 4 spicules thick ; they are some 75 to 150 microns apart. 
A minute amount of spongin may be present. : 

The spicules are oxeas, 3 by 120 microns. 

This sponge was first described as Amphimédon viridis by Duchassaing and 
Michelotti, 1864, page 81. The original descriptions by these authors are so 
extremely inadequate, even erroneous, that I made a journey to Turin, Italy, to 
study the original specimens, or rather what was left of the original specimens. 
Where there were specimens at Turin, I took portions to serve as official types, 
and deposited these in the British Museum (Natural History) in London. Thus 
the official type of viridis is B.M.N.H. register number 28.11.12.36. 
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Burton, 1937, page 18, established a genus Hemihaliclona for the species (viridis) 
as type. I fail to see wherein it deviates from typical Haliclona, however. Burton 
emphasizes the simultaneous occurrence of sub-isodictyal ground-work, plus tracts. 
The type of Haliclona (oculata) is much like that, too. Many Haliclonas, such as. 
variabilis, emphasize the tracts or fibres, others, such as permollis, emphasize the 
isodictyal structure. Haliclona viridis is rather medium. 


Genus XESTOSPONGIA de Laubenfels. 


Sponges of this genus may appropriately be compared to Haliclona, especially 
to those Haliclona that have a high ratio of spicules, and a low ratio of spongin. 
In Haliclona there is often a reticulation (isodictyal) with polygonal meshes outlined 
by one spicule per side. In Xestospongia it seems as though there were instead a 
score of spicules per side. As a result of the inevitable crowding, the sharp-angled 
meshes tend to give way to rather rounded ones. But the spicules, so far from 
being slimmer to accompany this crowding, are rather shorter and thicker on the 
average than Haliclona spicules. Naturally Xestospongia specimens are hard and 
almost stony in consistency. The presence of a little spongin and the existence of 
movement between the individual spicules gives just enough elasticity to the mass 
that a better comparison than to stone is a likeness ‘to wood. This is implied in 
the generic designation. The genus Petrosia is suitable for comparison here. Its 
species are more rock-like, as its name implies. Perhaps this is due to the fact 
that its spicules include some long and thick, others long and thin, others short 
and thick and still others short and thin. Because the smaller units fill in the 
interstices, and interlock or knit the mass, a harder consistency should be expected. 
Petrosia also has a special tangential dermal skeleton, which is emphatically different 
from the Haliclona-like surface of Xestospongia. 


XESTOSPONGIA CALYX, sp. n. 

The syntype, which is a small portion of the holotype, is represented by British 
Museum (Natural History) register number 1948.8.6.20. The large residue of the 
holotype has long been preserved in the Museum of the Government Aquarium at 
Flatts, Bermuda. 

Date collected.—Unknown, but probably between 1910 and 1940. 

Locality.—White flat, North Shore, Bermuda. 

Abundance.—One specimen certainly known, others are orally reported. 

Shape.—A bowl or thick-walled basin, with an especially small base. 

Size.—About 20 cm. in diameter, 15 cm. high. The walls are 2 or 3 cm. thick at 
the upper edge, and probably are thicker toward the base. 

Colour.—The long-dried specimen is nearly white as to exterior, much more 
brownish as to interior. 

Consistency.—Hard, like wood. 

Surface.—Fairly smooth, but undulating. 

Oscules.—Not evident, but perhaps some of the small openings which are 
discussed under the heading of “ pores’ may actually have been exhalent. 

Pores.—The surface is beset with openings 30 to 50 microns in diameter, less 
than 150 microns apart. In cases like this, where a mineral skeleton is present. 
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and quite rigid, the ihrikage of flesh that accompanies dying and devine may 
result in holes which are larger than they were in life ; the flesh pulls back to reveal 
the larger skeletal aperture which it formerly aur filled. On the other hand, 
with a flexible skeleton that “ gives’, the necrotic shrinkage will tend to close 
or at least reduce in size the openings that were larger when the flesh was relaxed. 

As already noted, one may assume that some of the minute openings of 
Xestospongia calyx were vents. It is likely that those inside the bowl were exhalent 
and that those on the outside were inhalent. In many vase- or bowl-shaped 
sponges there are small openings on the outer, convex surface, leading to larger 
and larger but fewer and fewer canals, finally to larger openings on the inner or 
concave surface. Then it becomes evident that the oscules are internal. In fact, 
this gives rise to the problem (a severe one when the vase is narrow and a tube 
results) : is the upper opening of the vase really the oscule ? 

One may not safely assume that the openings on the concave side are the vents. 
Sponges are reported, especially by Lendenfeld, 1889, in which the direction is 
reversed, so that the lining of the vase is inhalent and the outer portion exhalent. 


Fig. 22. 
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Camera lucida drawing, 725, of one of the spicules of Xestospongia calyx. 
The enclosed scale shows 20 microns by twos. 


Of course, the author cited is known to be unreliable, and these apparent exceptions 
may be due to inaccurate reporting ; nevertheless the possibility is so definite that 
one cannot be certain one way or the other. 

Ectosome anatomy.—tThe skeletal tracts of Xestospongia calyx expand as they 
arrive at the surface, and terminate with dermal brushes. These do not protrude, 
however, but are so very numerous, and thus close together, that they create a 
rather uniform plane, a dense stand of parallel ppiales, all more or less perpen- 
dicular to the surface. 

Endosome anatomy.—Dense, microcavernous, rae because of the canals and 
chambers it is not quite so extremely dense as is the surface. 

Skeleton.—Not quite typical for a Xestospongia ; there are tracts that are densely 
packed with spicules, total tract diameter about 100 microns, about 30 to 70 
spicules per cross-section. ‘These tracts are so close together that the space between 
them is only about 100 to 150 microns wide. ‘They branch and anastomose 
frequently to make a reticulation, but do not. have the transverse tracts or 
connections that are to be expected. 4 

The spicules are thinner than is usual in this genus. They are oxeas, rather 
hastate, and about 4 to 100 microns. 

Verrill, in 1907, page 293 (or 337), described a sponge as being Cribrochalina 
bartholmet Duchassaing and Michelotti. He says that it had evident oscules, 
which were “ mostly on the inside of the cup”. This reads as though quite unlike 
the description of the oscules of Xestospongia calyx, but I believe that variation 
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between one specimen and another could account for this. As already discussed, 
it is probable that the little openings on the concave surface of calyx are really 
oscules. Verrill describes them as ‘‘ numerous, inconspicuous, 200 to 300 microns ”’. 
He had only two specimens, and describes them most inadequately ; for example, 
he gives no sizes for the spicules. Nevertheless, I surmise that his specimens were 
conspecific with that now under discussion. 

Duchassaing and Michelotti described Spongia bartholmei, 1864, page 42, but in 
their collection at Turin I could not find any specimen of this. Their description 
is, of course, unrecognizable. Schmidt, in 1870, page 36, described Cribrochalina 
infundibulum. This should probably be infundibula, so that the species name, an 
adjective, may harmonize in gender with the genus name, which is the noun it 
modifies. Infundibula was described as having much spongin, tracts of spicules 
up to 85 microns in diameter, the spicules themselves 4 by 200 microns. These 
are considerable differences from calyx. Schmidt expressed the opinion that his 
later species should receive in synonymy the earlier bartholmei (of course it should 
be the other way)—but I believe that Schmidt was probably correct in the decision 
that bartholmei and infundibula were conspecific. The two came from regions 
that are close together, and quite far from the region of calyx. Neither is well 
enough known for family allocation. A likely guess may be that the two names 
represent the single species Cribrochalina bartholmei, and that this belongs some- 
where in the Haliclonidae, but that is as far as we can go ; its genus is not known. 
I do not regard this species as being congeneric with Xestospongia. 

Schmidt, 1870, page 44, described a sponge from the West Indies as Schmidtia 
muta. This is evidently a Xestospongia, and de Laubenfels transferred it to this 
latter genus, 1936, page 70. It may be the closest relative to calyx, but its spicules 
were thicker, 10 by 230 to 16 by 360 microns. In fact, it may be regarded 
as a much more typical Xestospongia than calyx. Schmidt’s descriptions are 
tantalizingly brief. 

Another related form is that which Wilson in 1902, page 389, described from 
Puerto Rico as Petrosia halichondrioides, sp. n. It is here suggested that it be 
transferred to the genus Xestospongia. It is described as dark brown, and sub- 
spherical, with a solitary oscule. 


_ Family DESMACIDONIDAE Gray. 


Sponges of this family have a skeleton which is very much like that of the 
preceding family, except that in many cases the smaller spicules, called microscleres, 
are added. When Ridley and Dendy wrote about sponges in the ‘Challenger ’ 
Report (1887), this was thought to be a huge difference. Lately there has been a 
tendency to minimize the role of microscleres. Such a tendency has its value in 
counteracting the opposite extreme, but can itself be carried to excess. 

Among the sponges now put in the Desmacidonidae there are some that are 
known to have surface structures much like those of the Haliclonidae. These are 
probably really very close indeed to that family. There are other Desmacidonids 
that are known to have a fleshy dermis ; Jotrochota is a good example of this 
type. These probably deserve to have their own family, or at least to be in a 


different family from those with less well-developed ectosomes. The trouble is, 
H 2 
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that in the past so few scholars who have described sponges. have bothered to 
describe the ectosome—yet the ectosome structure has very great taxonomic 
significance, because those species that have similar ectosomes are evidently closely. 
inter-related. Numerous species are now placed in the Desmacidonidae because 
of their spicule content, but are species for which we lack the data that would be 
necessary to allocate them as between the two family divisions which are here 
contemplated. Thus we are not yet ready to split the Desmacidonidae. 


Genus FrBuxia Carter. 


Sponges of this genus have strongyles rather than styles as their megascleres, 
and they possess simple microscleres. In the genotype these latter include straight 
ones (raphides) and curved ones (sigmas), but some species are referred to Fibulia 
and are rather obviously closely related to the genotype, but lack the sigmas. 
The surface is typically tuberculate, rather closer to the Jotrochota division of the 
family than to the more Haliclonid portion. 


FIBULIA BERMUDA, Sp. n. 


The syntype, which is a portion of the holotype, is represented by British Museum 
(Natural History) register number 1948.8.6.2.1. The rest of the holotype is 
preserved, at least temporarily, in the Museum of the Government Aquarium at 
Flatts, Bermuda. 

Date collected.—July 14, 1947, and others. 

Locality— Harrington Sound, Bermuda. 

Abundance.—Fairly common. 

Shape.—Massive, with a tendency to grow up into rounded lobes, hardly to be 
called digitate. 

Size.—Many specimens are'about the size of a human fist. Doubtless smaller 
ones occur, but are overlooked. 

Colour.—The living sponge is a rich walnut brown as to exterior, but is an ochre 
or brownish yellow as to interior. It fades scarcely at all in alcohol, but does 
become somewhat dull; it tinges the fluid a pale, warm brown (not dull and 
greyish). 

Consistency.—Spongy, very compressible, but rather easily torn. 

Surface.—Tuberculate, almost conulose. The little projections are so rounded, 
however, that the term conule is not quite appropriate. They are less than 0-5 mm. 
high, and about 1 mm. apart. 

- Oscules.—Up to at least 5 mm. in diameter, and often (but not always) situated 
at the summits of the rounded lobes. The edges are smooth and flush, not provided 
with collars or raised rims. . 

Pores.—Abundant, and rather large, perhaps over 100 microns in diameter when 
fully opened, but actually very contractile. 

Ectosome anatomy.—There is a fleshy dermis, about 10 microns thick, not easily 
detachable. It is sufficiently well developed, however, to display a distinct 
resemblance to keratose or horny sponges. There is a reticulation of fibres at the 
surface, but it is not peculiar, that is to say, it is much like the endosomal 
reticulation. 

Endosome anatomy.—Microcavernous and fibro-reticulate, fleshy. 
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Skeleton.—The structures which are here referred to as fibres are not at all 
typical of sponge fibres in general. Instead, we have here much the same problem 
that existed in the study and description of the skeleton of Dysidea crawshayi. 
The spongin strands are flattened, almost sheet-like, but so irregular in thickness 
and outline that they are definitely not strap-like. They are much bent and 
curved and in places produce an effect which may be described as flocculent. 
There is much spongin present, so that macerated dried skeletons bear much 
resemblance to bath sponges until they are viewed under the microscope, when 
abundant difference becomes evident. These spongin structures are well filled 
with spicules, but these latter point in all directions, and are likely to protrude 
from the fibres, so that it becomes difficult to discriminate between the spicules 
that are in the tracts and the many that occur out of the tracts, merely loose in 
the flesh of the sponge. 

The spicules are of two sorts. The megascleres (fig. 23A) are strongyles. They 
are very straight unless they occur in a fibre at a place where it bends, then they 
bend with it. They are about 2 microns thick and 180 to 200 microns long. 
The microscleres (fig. 23B) are raphides, about 0-5 by 60 microns. 


Fig. 23. 
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Camera lucida drawing, x 666, of the spicules of Fibulia bermuda. A: A strongyle. B: A raphid. 
The enclosed scale shows 20 microns by twos. 


This proved to be a very difficult species to classify. For quite a while I thought 
of it as keratose, because of its appearance and consistency. To be sure, its fibres 
were full of spicules, but—as in Dysidea crawshayi—so may be the fibres of Keratosa, 
the sponge having picked up foreign debris. In a case like this, it is often impossible 
to decide on the basis of one or a few specimens. Of course, if many varieties of 
spicules are present, one does well to conclude that some or all of them are foreign. 
If many are broken they are probably foreign. If their axial canals are extra 
large, they probably lay around in sea water for a long time, slowly dissolving, and 
thus are foreign. <A considerable series of Fibulia bermuda gradually accumulated 
during the summer of 1947. Again and again the spiculation was consistent, just 
the two sorts, and those sorts regular. Finally, it became probable that these 
must be proper spicules. 

Even so, it would have been difficult to place this in Fibulia, except for the fact 
that I am familiar with the Fibulia that is common in the region of the Dry 
Tortugas, north of Cuba. This and the Bermuda one resemble each other enough 
to confirm the identification. 

Fibulia was established by Carter, 1886, page 51, for the species massa. In 
1936, page 51, I dropped this in synonymy to the sponge that Duchassaing and 
Michelotti described in 1864, page 82, as Amphimédon nolitangere, a species which 
is abundant in the vicinity of Cuba. It has since been my privilege to examine 
specimens of Fibulia from Florida, and they are clearly massa of Carter, with sigmas 
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-as well as strongyles and raphides, notably different from the Tortugas Fibulia. 
I therefore here point out that the two species, while congeneric, are not conspecific, _ 
and both names should be retained. The Bermuda sponges give us.a third 
member of the genus. 

As compared to the other two, Fibulia bermuda has much more spongin than 
either. It lacks the sigmas of massa ; so does nolitangere, but the latter has 
strongyles 5 by 335 microns, whereas those of bermuda are 2 by 190, and the raphides 
of nolitangere are somewhat longer on the average than are the raphides of bermuda. 

As implied in the name, nolitangere should not be touched. It imparts a violent 
chemical irritation to the skin, requiring several days to heal. -Does bermuda 
have this same property ? The first day that I collected in Bermuda I obtained a 
pronounced case of this dermal irritation, so severe that my fingers swelled 
painfully, but I handled many different kinds of sponges that day, and touched 
other invertebrates such as Anthozoa, which may be poisonous, and therefore 
Tam not sure that the Fibulia was to blame. It may have done its share. Locally 
Tedania ignis has a reputation for skin irritation, but I suspect that in some 
cases where T'edania has been blamed the affected person had also touched the less 
conspicuous Fibulia. The same Tedania (ignis) occurs at Tortugas, and I 
certainly received little or no irritation from it there, as demonstrated by controlled 
experiments ; it was the Frbulia that caused the more severe symptoms. 


Genus Liosina Thiele. 


In describing the family Desmacidonidae mention was made of genera placed 
therein, such as Jotrochota, which bears great resemblance to the Keratosa. They 
have fibro-reticulate skeletons rich in spongin, and have fleshy, often conulose 
surfaces. Mention was also made of the fact that many of the genera of Desmaci- 
donidae possess microscleres, but that the role of the microsclere in deciding 
taxonomic procedure could be both over-emphasized and under-emphasized. 

Sponges of the genus Liosina are probably close to Jotrochota and other genera 
now placed in the Desmacidonidae, but specimens of Liosina do not have micro- 
scleres. They do have the fleshy dermis and body ; they are fibro-reticulate and 
rich in spongin. ‘They differ from undoubted Keratosa chiefly in that they do 
possess proper spicules. These spicules are simple oxeas as in the Haliclonidae. 


LiosIna MONTICULOSA (Verrill) de Laubenfels. ; 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.24. 

Date collected.—July 18, 1947, and others. 

Locality.— Harrington Sound, Bermuda. 

Abundance.—Not common. 

Shape.—Massive, with short processes. 

Size.—Specimens occur up to 4 to 8 cm. high, about 4 cm. wide. 

Colour.—The living sponge is bright scarlet. In alcohol it fades to a brownish 
white. 

Consistency.—Very spongy, like the keratose species. 

Surface.—Conulose, definitély after the manner of the Keratosa or horny sponges. | 
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Oscules.—These are relatively enormous, and occur at the summits of processes 
or elevations that are mentioned above. The interior diameter may be as great 
as 10 mm. in a sponge whose total cross-section is only 20 by 25 mm., height 
30 mm. One such specimen not only had the large 1 cm. oscule, but also had 
three other oscules, each nearly as large. 

Pores.—Abundant, astonishingly conspicuous, up to 500 microns in diameter 
or larger. Few other Bermuda sponges have such ready access to and from the 
interior. 

Ectosome anatomy.—A fleshy dermis, Keratosa style, detachable only with great 
difficulty, not quite 20 microns thick. | 


Camera lucida drawings of Liosina monticulosa, as follows: A: A bit of the skeleton net, x 100, 
showing the relationship of the coring spicules to the fibres. The appended scale shows 100 
microns by tens. B (the lower figures): One of the spicules of Liosina monticulosa, x 444. 
The appended scale shows 20 microns by twos. 


Endosome anatomy.—Fleshy, microcavernous, fibro-reticulate. It was regrettably 
not possible in the summer of 1947 to make out the size and nature of the flagellate 
chambers. These are not critical to the identification, but it would be interesting 
to know their type, in view of the resemblance of this sponge to the Keratosa in 
general. , 

Skeleton.—The fibres consist of spongin, are 30 to 60 microns in diameter, and 
are cored with none to ten rows of spicules. The meshes are 130 to 400 microns 
in diameter, but are of somewhat irregular outline. Rather few of the spicules 
occur in the flesh, outside the fibres. 

The spicules are simple oxeas, 2 by 70 to 4 by 175. 

Verrill, 1907, page 292 or 336, described Pachychalina monticulosa ; he said 
that it was encrusting to lobate with large oscules, red in life, brown when dry, 
and that it had oxeas 220 to 260 microns long. The 1947 specimens identified as 
monticulosa have spicules that are shorter than that, but what other Bermuda 
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species could Verrill have had in mind? It seems a plausible surmise that this 
scarlet sponge is indeed his monticulosa. 

Liosina was established by Thiele, 1899, page 16, for the one species paradoxa. 
This name reflects Thiele’s astonishment at finding the combination of proper 
spicules together with the other characteristics of a Keratosa sponge. Similar 
sponges are rare. Thiele’s was East Indian. Burton described one from the 
Antarctic in 1929 (or 1930 ?), page 425, as Plumocolumella cribriporosa ; this was 
transferred into Liosina by de Laubenfels, 1936, page 54. Both of these have 
spicules that are far larger than those in the Bermuda Liosina ; in paradoxa they 
are 20 by 750 microns, in cribriporosa they are 12 by 480 microns, but in monticulosa 
they are 3 by 120 microns. 


Family CALLYSPONGIIDAE de Laubentfels. 

The sponges of this family have an internal skeletal reticulation somewhat like 
that of those Haliclonidae which are best provided with spongin, but never like 
those of the Haliclonidae which have little spongin, or which have merely isodictyal 
reticulation. The type of spongin approaches that of the genus Spongia more than 
is true of most species other than those of the Keratosa, or even those Keratosa 
which are outside of the family Spongiidae itself. Dried Callyspongia fibre is 
still flexible, elastic, and spongy. In the genera Dactylia and Velinea of the 
Callyspongiidae, there are no spicules at all, so that their macerated skeletons 
would readily be classifiable as belonging to Keratosa sponges. The soft parts. 
of Callyspongiidae, on the other hand, are extremely different from those of the 
Keratosa ; as in Haliclonidae they are scanty and scattered, not densely packed 
and flesh-like. The spicules, when present, are also oxeas like those in the 
Haliclonidae. Callyspongiidae do not have a fleshy dermis, as Keratosa do, but 
unlike Haliclonidae, they do have a special dermal skeleton, so that in this respect 
they approach the following order or Poecilosclerina. 


Genus CALLysponeGiA Duchassaing and Michelotti. 
This is the typical genus of the family ; it exemplifies to the highest degree the - 
properties of the family. Other genera may be separated from it for their pecu- 
liarities, such as their lack of spicules. Especial emphasis needs to be put on the 
type of surface which is present. In Callyspongia there is a dermal reticulation of 
fibres which outline comparatively large, polygonal meshes, but then—most 
significantly—within each of these meshes there occurs a finer network of slimmer 
fibres which outline much smaller meshes. 


CALLYSPONGIA VAGINALIS (Lamarck) de Laubenfels. (See Pl. I, fig. 4.) 

Bermuda specimens of this sponge are represented by British Museum (N. atural 
History) register number 1948.8.6.25. 

Date collected.—July 28, 1947, and many others. 

Locality.— Harrington Sound, and the coasts of the Bermudas in general. 

Abundance.—This not only is 4 very common sponge but its large size and 
conspicuous shape cause it to seem even more abundant. 

Shape.—Branching, with most of the branches hollow. Often the entire sponge 
consists of a cluster of rather thin-walled tubes. Occasionally a few branches are 
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not hollow, and it is even possible to find specimens entirely solid ; this does not 
mean solid like a rock—there are usually canals and chambers—but it means not 
having the immense axial cloaca that the usual vaginalis possesses. Non-hollow 
specimens are more likely to occur in Harrington Sound than out in the open 
ocean, but even in the Sound the hollow form prevails. In general, calmer waters 
favour more symmetrical shape, so one would expect to find the tubular habitus 
even more common in Harrington Sound. 

The walls are usually one-seventh as thick as the external diameter of the hollow 
cylinders. There are often as many as twelve branches per colony, rising from a 
common base that may be so large (but narrow) that they are parallel, or so small 
that they radiate from it. It is common for the tubes to coalesce laterally, here 
and there. If the substrate permits, the lower portions of the colony may grow 
downwards into crevices, like roots ; actually such projections render the holding 
or clinging service that roots render. Every conceivable intermediate exists 
between the specimens with large and abundant root-like structures and those 
that have'short, few, or none such. In 1901, page 47, Whitfield described from 
Bermuda a sponge as Siphonochalina stolonifera, sp. n. ; he emphasized the root-like 
stolons in his description. His illustration and description show plainly that 
stolonifera is not only a Callyspongia but must (here) be dropped in synonymy to 
vaginalis. 

The variety in the shapes of the tubes of vaginalis, some very short and wide, 
is illustrated in the photograph which is reproduced in Pl. I, fig. 4. 

Size.—Some colonies of this sponge attain a height of a full metre, and an 
outside cylinder-diameter of 8 cm. Heights of 20 to 40 cm. are common—such 
usually have an outside cylinder-diameter of about 4 cm. 

Colour.—The living healthy sponge is lavender. When it dies, it turns dull 
drab, or yellowish grey, sometimes it exhibits an olive tint, as an intermediate 
condition. In the field one finds specimens of which the upper, younger portions 
are violet, whereas the lower, older portions are drab. It may be that parts of 
the colony die while others are still vigorously growing. In the field one also. 
finds entire specimens of the drab colour. These may already be dead, or senile, 
approaching their end. The skeleton is so strong that it endures long after the 
flesh is gone. 

Alcoholic specimens are rather pale grey, and so are some dried specimens, 
but other dried specimens are dark brown. This may be the result of partial 


_ decomposition while drying. The preservative fluid is tinted only pale brownish 


yellow by this species. 

Consistency.—Very spongy, tough and elastic. 

Surface.—An occasional specimen is entirely and notably smooth as to surface. 
The more usual situation is a basically smooth surface raised at scattered points. 
into cone-shaped projections. These have quite a different appearance from the 
conules which ordinarily occur in the Keratosa. These latter have concave sides, 
and often represent a single fibre protruding like a tent-pole, with the elastic dermis 
stretched over it. In Callyspongia the structures which are here discussed are 
as much as twenty or thirty times as thick as one fibre, and are built of a reticulation 
of fibres ; nor is there any elastic dermis stretched over their exterior. They are 
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_ far indeed from being homologous with the conules of the Keratosa. The level- 
surfaced specimens of Callyspongia are comparatively rare, but it is the rule to 
find larger or smaller smooth areas on most colonies. Again, some specimens are 
so “mountainous”’ that nearly every square centimeter has its peak. The 
protrusions range from zero to low, obtuse hills, say 1 mm. high and 10 mm. in 
diameter, with all intermediates, up to 8 mm. high on a base of only 4 mm. in 
diameter. The distance between summits varies from 10 mm. on up toward 
infinity. Some of the protrusions have just such asymmetry that they resemble 
rose thorns. 

Many specimens of vaginalis, and some other sponges of the vicinity, are 
extensively provided with symbiont anemones of the coelenterate genus Para- 
zoanthus (see Pl. I, fig. 4). These little anthozoans may be so thickly spaced that 
they are only 5 mm. apart, centre to centre. More often they are 10 to 15 mm. 
apart, and from there on up to instances of only a scattered few on the whole sponge. 
A large fraction of vaginalis specimens have no Parazoanthus. In preserved 
specimens these anemones shrink into puzzling-appearing pale grey spherules, 
less than 1 mm. in diameter, with a hole in the centre. The living, expanded polyp 
is nearer 2 mm. in diameter. They show on the central tube of the colony of 
Callyspongia that is illustrated in Pl. I, fig. 4. 

Oscules.—The openings on the distal ends of the branches are probably homo- 
logous with oscules, not certainly so—but such is the opinion here expressed. 
Their diameter is usually a little less than the inside diameter of the cloaca. 
The rim is frequently smooth, although a short distance below the summit, 
on the outside, the top-most circle of projections forms a sort of. crown. 
Doubtless the thorns are made from time to time, and when their time 
‘comes at that point in the vertical growth they ornament the rim. As the sponge 
grows still higher, the rim is unornamented until it arrives at the location for the 
next batch of spinous elevations. 

The lining’ of the cloaca is comparatively smooth and level. Its walls are 
abundantly perforated with the openings of the internal vents, perhaps to be 
regarded as oscules. These are often a little over 1 mm. in diameter, but vary. 
greatly in size. 

Pores.—The actual flesh- -openings vary in preserved specimens from 20 to 100 
microns in diameter. Live specimens were not measured to the micron, but are 
intermediate in size; evidently the larger holes in the dried specimens were 
somewhat torn, and the smaller ones in the preserved specimens were already 
somewhat contracted. | 

Ectosome anatomy.—There is a special dermal skeleton of a double sort. First, 
there is a gross network of tangentially arranged spongin fibres, 40 to 100 microns 
in diameter, forming meshes 50 to 200 microns in width of opening; these are 
polygonal or even rectangular meshes. Each of them is, in turn, filled in by a 
secondary, finer network of spongin fibres which are only 10 to 20 microns in 
diameter, with meshes 40 to 100 microns in width of opening. These smallest 
skeleton meshes are yet again filled in, not by fibres but by a protoplasmic dermis, 
some 7 microns thick. The apertures through this are the true pores which 
were ‘discussed above. 
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‘Endosome anatomy.—The flagellate chambers and other soft parts are sparsely 
scattered about, so that the result may be termed “‘ open-work ”’. 

Skeleton.—The internal skeleton comprises fibres that are exclusively of a sort 
to match the primary or coarser ectosome reticulation, none of the finer net. Here 
the fibres are crooked, and the mesh outline rambling rather than neatly polygonal. 
The fibre diameter is 70 to 110 microns. Each fibre is cored with proper spicules, 
but these are small, and often in but a single file or row the length of the fibre. 
It is not uncommon to find portions of fibre that are quite devoid of spicules. In 
other places there may be as many as four spicules per cross-section of fibre. 


Fig. 25. 


Camera lucida drawing of a portion of the dermal structure of Callyspongia vaginalis, <150. The 
protoplasmic skin is shown stippled, revealing the pores through it. The enclosed scale shows 
100 microns by tens. 


The spicules are of but one sort: small oxeas 1 to 2 microns thick, and about 
40 to 50 microns long. 

In establishing as a museum display a habitat group of Bermuda marine life, 
among a background of corals and gorgonians at least one sponge is appropriate, 
and Callyspongia vaginalis is that one of all the Porifera which is most suitable. 
It grows large, not only in Harrington Sound but also in those waters that are 
contiguous with the open ocean. In this latter habitat no other sponges are nearly 
so large as Callyspongia. 

This species was first described as Spongia vaginalis by Lamarck, 1814, page 436. 
I studied his specimens in the Natural History Museum-in Paris in 1928; they 


are quite typical of this abundant West Indian species. The first genus to be- 
ribice 12 
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erected for it was Callyspongia by Duchassaing and Michelotti, 1864, page 56. 
This referred especially to solid forms. They also set up the genus J'uba for 
hollow sponges of this sort, but this name had been preoccupied, so Vosmaer, 1885, 
set up the name Spinosella. Much of the subsequent literature refers to this species 
as Spinosella sororia (Duchassaing and Michelotti), but my studies of the type 
-.specimens, syntype number 28.11.12.3 in the British Museum (Natural History) 
show that Callyspongia is congeneric with and (of course) has priority over 
Spinosella. The genus is cosmopolitan, but vaginalis may be confined to the West 
Indies. It is extremely conspicuous there, so that museum collections of sponges. 
frequently make almost excessive use of Callyspongia vaginalis. - 


CALLYSPONGIA ARCESIOSA de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.26. 

Date collected.—July 29, 1947. ; 

Locality Near Watford Bridge, western portion of the Bermudas. 

Abundance.—Rare. 

Shape.—Ramose, with branches which are nearly circular in cross-section. 

Size.—Total height about 27 mm. The diameter of most of the branches is 
about 5 mm., but it exceeds 8 mm. near the base attachment. 

Colour.—The living sponge is rich bluish green. In alcohol it bleaches to 
practically white, but does not greatly discolour the alcohol. 

Consistency.—Softly spongy. 

Surface.—Superficially smooth. 

Oscules.—There are only about three per branch ; these are 1 to 3 mm. in diameter 
-and are not contractile. They open into deep cloacas of the same diameter, and 
portions of the sponge are rendered quite hollow by these relatively large cloacas. 

Pores.—These are represented by the interstices in the dermal network, as 
described (and figured) below. 

Ectosome anatomy.—There is a double dermal reticulation. First there is a 
network of spongin fibres, containing a very few spicules in an irregular line down 
the centre of the strand ; these fibres are about 16 microns in diameter, and they 
outline meshes that are 80 to 160 microns in diameter. Within these meshes lies 
a second, finer reticulation. It consists of fibres that are merely spicules thinly 
encased in spongin ; the total resulting diameter is about 4 to 5 microns. No 
fleshy dermis can readily be made out. 

Endosome anatomy.—The soft parts, such as flagellate chambers, are very scanty 
and scattered. One can scarcely speak of canals as present, rather of open spaces 
through which currents may readily drift. 

Skeleton.—Fibro-reticulate, spongin and spicules. The endosome has only the 
coarser network, fibres much like those of the surface skeleton. The spicules are 
oxeas about half a micron in thickness, 40 to 50 microns long. 

The colour alone (‘‘ robin’s-egg blue ’’) is nearly enough to differentiate arcesiosa 
from other Callyspongias. The extremely fine-grained miniature structure com- 
pletes the description. In four summers in the Dry Tortugas region, north of 
Cuba (where sponges are extremely abundant), only twice did I find specimens of. 
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arcesiosa. In the whole summer at Bermuda only one was found. Minute 
specimens of it may be more common than we realize, and only the larger ones 
receive notice. | 

This was first described in de Laubenfels, 1936, page 56. 

In de Laubenfels, 1936, page 57, the treatment of the family Callyspongiidae 
requires revision. 

First, the genus Patuloscula Carter is there still maintained in good standing, 
but with some question. The question is indeed serious. The range of variation 
which seemed to separate this group from undoubted Callyspongia is found at 
Bermuda. My studies in the Bermudas convince me completely that Patuloscula 
must be dropped in synonymy to Callyspongia. The original separation by Carter 


Fig. 26. 


Camera lucida drawing, x150, of a bit of the dermal structures of Callyspongia arcesiosa. 
The enclosed scale shows 100 microns by tens. 


was for slight differences in external shape ; these have long been known to be 
unreliable. In my 1936 paper I stress obtusely tuberculate surface, coarser mesh, 
occasional strongylote megascleres and occasional pseudotoxas as characterizing 
Patuloscula. Typical Callyspongias so frequently vary in these directions that 
they cannot serve as distinctions of generic rank. 

On page 58 I discuss Spongia plicifera Lamarck and add (referring to it) : ‘“‘ It 
would appear that Patuloscula procumbens Carter (1882, page 365), the type of 
Patuloscula, would also fall in synonymy here”. I now believe that such is not at 
all the case. The sponge which I describe from Tortugas as Patuloscula plicifera 
(Lamarck) is not Lamarck’s plicifera, but (as I pointed out) is Carter’s procumbens, 
and (now add) is a Callyspongia, not a Patuloscula—since the latter falls to the 
former. Lamarck’s plicifera should be maintained as a separate species of 
Callyspongia, for its elaborately plicated surface. 


Order POECILOSCLERINA Topsent. 


Sponges of this order differ from those that have been already considered in that 
there are two or more kinds of spicules (megascleres) present. They differ from 
other orders that are yet to be considered in that (with a few curious exceptions) 
they never have radiate architecture, and neither do they have pronouncedly 
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plumose structure. They are typically reticulate, with one type of megasclere: 
and spicule arrangement at the surface, but with a second kind of megasclere and. 
spicule arrangement of the endosome. 

The first family here to be considered, the Adociidae, is Bint in the Poecilo- 
sclerina with much question. It has a distinct dermal skeleton, but this is made 
of spicules which are very similar to those in the endosome ; perhaps it belongs 
in the Haplosclerina. The last word on sponge classificaton has not yet been 
written. 


Family ADOCIIDAE de Laubenfels. 


Sponges of this family in many ways, especially as to their endosomes, resemble 
the sponges of the family Desmacidonidae, or even—in some cases—the Hali- © 
clonidae. There is this very significant difference however. The Adociidae, 
unlike the two families mentioned, have a special dermal skeleton, usually 
comprising tangent spicules. The Callyspongiidae do not have extensive subdermal 
cavities, thus their dermal layer may not easily be detached. Sponges of the 
family Adociidae do have extensive subdermal cavities, and in general may be 
distinguished by the “easily detachable dermis”. This is one of ‘the principal 
reasons for including them in Poecilosclerina, because this dermal trait is common 
within this order. It is also found in other orders, such as the Halichondrina, but. 
not in the Haplosclerina. 

The Adociidae are separated from all other Poecilosclerinas in that they . are 
intermediate between that order and the Haplosclerina, as shown by the similarities. 
between their dermal and endosomal skeletons. 


Genus PELiina Schmidt. 

This genus, like. Adocia (which is the type of the family), does not have micro- 
scleres, only a skeleton of oxeas in isodictyal arrangement. It is set off from 
Adocia by its shape ; much or all of the sponge is given over to long, thin-walled 
tubes. This is true even when the sponge grows in such localities that most. 
sponges assume a massive or an encrusting shape. : 


PELLINA COELA, sp. n. (See Pl. II, fig. 5.) 

The syntype, which is a portion of the holotype, is deposited in the British 
Museum (Natural History), register number 1948.8.6.27. ‘The residue of the 
holotype is preserved, at least temporarily, in the Museum of the Government. 
Aquarium at Flatts, Bermuda. 

Date collected.—July 8, 1947, and others. 

Locality.—Walsingham Pond, Bermuda. There are unconfirmed reports that. 
this species has been seen also in Harrington Sound. 

Abundance.—Uncommon, only three certain records, one of them in 1946, the 
other two in 1947. 

Shape.—Hollow tubes with thin walls. These tubes occasionally branch, so. 
that a somewhat dendritic structure results. The form is illustrated by an 
enlarged photograph, PI. II, fig. 5. : 

Size.—The whole sponge attains a total height of at least 10cm. The tubes are 
3 to 7 mm. in diameter, with walls less than 1 mm. thick. 


. THE PORIFERA OF THE BERMUDA ARCHIPELAGO. : — 63 


Colour.—Nearly white ; the faint tinges of lavender that appear here and there 
may be the real colour of the flesh, and the white appearance is probably a result 
of light waves being well reflected from the many dermal spicules. 

Consistency.—Extremely fragile, but slightly flexible; thus it tears rather 
than breaks, as brittle objects break. ; 

. Surface.—Superficially smooth. 


Fig. 27. 
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Camera lucida drawing, x 725, of a portion of the dermis of Pellina coela. Spongin is shown stippled. 
The enclosed scale shows 20 microns by twos. 


Oscules.—All the tubes that are available for study end rather abruptly. These 
terminations may be accidental breaks, an idea which is suggested by the resem- 
blance of the tubes to the fistules which arise from some sponges, such as Pelymastia ; 
these fistules are closed except for their myriads.of small openings. The direct 
evidence, however, is that these terminal apertures are the oscules of Pellina coela ; 
oscules with the same diameter as that of the cloaca, which is to say, 2 to 5 mm. 

Pores.—These are represented only and simply by the polygonal, often triangular, 
meshes of the dermal reticulation. An approximate size of 50 microns could 
therefore be mentioned. 

Ectosome anatomy.—An even-surfaced, tangential, isodicytal reticulation of 
spicules which are cemented with spongin at the nodes. 
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Endosome anatomy.—The cellular structures occur in what might be termed 
“islands ’’, often rather completely separated from each other. The flagellate 
chambers are spherical, 25 microns in diameter. 

Skeleton.—The walls of the tubes that make up the body of Pellina coela are not 
as neatly reticulate as is the external, dermal envelope, but they do form a network. 
It is partly isodictyal, and there are also spicular tracts which form irregular meshes. 
100 to 400 microns in diameter. These tracts are 10 to 20 microns thick, and 
consist of spicules which are loosely cemented together by a small amount of 
spongin, about 4 to 7 spicules per cross-section. 

The spicules are of one sort only. These are oxeas about 4 by 90 microns. 
Some are 3 by 100, but the variation is not great. 

This species of Pellina has spicules that are far smaller than is true of most 
others in the genus: thicknesses of 15 to 25 microns are common, whereas the 
oxeas of coela are only 4 microns thick. The other species with comparatively 
thin spicules, such as carbonaria (Lamarck), are black in colour. Coela is also 
given over even more completely to hollow tubes than any other species in the genus. 


Genus STRONGYLOPHORA Dendy. 


Sponges of this genus, otherwise like Adocia in particular and the Adociidae 
in general, have strongyles as their principal megascleres in lieu of oxeas, and they 
also do have microscleres. The latter typically include raphides, and usually 
include sigmas. As is to be further discussed below, the following species is not 
certainly a Strongylophora. 


STRONGYLOPHORA AMPHIOXA, Sp. n. 

The syntype, which is a portion of the holotype, is desposited in the British 
Museum (Natural History), and is represented by register number 1948.8.6.23. 
The residue of the holotype is preserved, at least temporarily, in the Museum of 
the Government Aquarium at Flatts, Bermuda. 

Date collected.—June 30, 1947, and,others. 

Locality.— Harrington Sound. 

Abundance.—Not common, but taken in 1946 as well as in 1947. 

Shape.—Massive, rounded. 

Size.—Fist-size, or (often) somewhat less. 

Colour.—Both living and preserved specimens are dull, pale grey. 

Consistency.—Firm, brittle, slightly compressible. 

Surface.—Even, almost smooth. 

Oscules.—In the type specimen there are two oscules, the larger had a diameter 
of 5 mm.; each has a very smooth, sharp rim, flush—that is to say—the edges. 
not at all raised. This was in a specimen 2 by 3 by 4 cm. 

Pores.—Abundant, 30 microns in diameter. 

Ecotosome anatomy.—There is a tangential dermal reticulation of tracts or fibres. 
which are about 25 microns in diameter, and which contain little or no spongin. 
They consist of fascicular spicule-groupings, about eight spicules per cross-section. 
The meshes of this network are about 120 microns in diameter. A network, which 
is not isodictyal but rather confused, fills in each of these coarser meshes. The 
finer mesh is built up of strands of overlapping spicules. 
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Endosome anatomy.—Microcavernous. It is difficult to decide which of the 
cavities are the flagellate chambers, because they vary in size so greatly. 

Skeleton.—The spicules are arranged chiefly about the cavities or chambers, but 
otherwise are in considerable confusion. There are some vague ascending tracts, 
containing only three to five spicules per cross-section. Very few transverse, or 
connective tracts exist—perhaps none. The ascending tracts branch occasionally, 
so that they are far more numerous immediately below the surface than they are 
elsewhere ; in the outer regions they are only 150 microns apart. 

The spicules may possibly be divided into megascleres and microscleres. The 
larger ones (see fig. 28 A) have such sizes as 6 by 140, 5 by 180 and 4 by 
200 microns. The lack of correlation between length and thickness is remarkable. 
The smaller spicules (see fig. 28 B) are about as long, but are only a fraction of 
a@ micron in diameter. 

Logically this species does not seem to be a Strongylophora. It has no sigmas, 
and the megascleres are not obviously strongyles. In fact, a good case could be 
made for the proposition that this is a new genus. Inmy judgement this is not 
warranted, and amphioxa may be classified as a Strongylophora. This opinion is 
based upon first-hand experience with related species in the West Indian regions. 


| Fig. 28. 
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Camera lucida drawing of the spicule types of amphioxa, x 666. The enclosed scale shows 
20 microns by twos. 


In 1934, page 14, I described Strongylophora rampa from waters near Puerto 
Rico, that is to say—in the West Indian region, significantly close to Bermuda. 
I believe that amphioxa is the Bermuda race or representative of rampa, but very 
extensively modified. The species rampa was much finer grained, with far 
smaller spicules, than any of the other species in Strongylophora ; the species 
amphioxa also has very similar size and appearance of spicules, reticulation, dermal 
structures, and—in general—has all the other attributes of rampa, except that the 
spicule shape is different. 

The megascleres of amphioxa come to sharp points at both ends; this is the 
description of an oxea. Yet closer study shows that the sharp point is not arrived 
at gradually, but by a series of stair-steps. It is well known that sponge spicules 
which are normally blunt-ended may step down by such a series of sharp drops, 
so that they superficially appear to be pointed. It is significant that the main 
portion of the amphioxa megascleres is a cylinder of uniform diameter, not 
tapering. It is quite possible that these spicules are essentially strongyles. 

The smaller spicules of amphioxa might be considered to be merely immature 
or undeveloped megascleres, but my best surmise is that they are genuine raphides. 
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The species amphioxa has not yet been. shown to have sigmas, and is this a 
serious difference, so that it may ultimately prove necessary to erect a new Sanus 
to receive it. 

Pachypellina Burton (1934, page 18) appears at first as though it ‘ghotild receive 
amphioxa. It is diagnosed as having hastate oxeas (that is to say, oxeas with 
their central part of uniform diameter, not tapering until very near the ends), 
otherwise it is much like Adocia. The one spcies, however, is an extremely coarse- 
grained sponge, with spicules (24 by 492 microns) that are many times as large 
as are those in amphioxa, and there is an exceptionally dense dermal layer of 
spicules. It has been recorded only from the Antarctic region. Kirkpatrick, in 
1907, page 290, described it as Petrosia fistulata, and this was then transferred to 
Pachypellina by Burton. This should be known as Pachypellina dancoi, however, 
as Burton, 1924, page 420, shows that it is conspecific with Reniera dancot TCpeaat 
1901, page 1, also from the Antarctic. 


Family COELOSPHAERIDAE Hentschel. 


The sponges of this family have diactinal principal spicules, as did the Bien 
families of spiculiferous sponges which have already been discussed. Microscleres 
are often also present, even quite elaborate microscleres and combinations of 
microscleres, somewhat as in the ensuing order. The distinctive feature of the 
Coelosphaeridae is their structure. Each has a thick, tough, fibrous cortex that 
surrounds a central area that may contain nothing at all (except water) or may 
contain a flimsy endosome, as openwork and diaphanous as the cortex is dense and 
strong. 


Genus RHIZOCHALINA Schmidt. 


This genus is set off from the others of its family by the negative circumstance 
that it does not possess any microscleres at all. Topsent has described three species 
for it from the Azores, Schmidt described two species for it from the West Indies, 
and Carter also added one, to be mentioned below. All are very closely related to 
one another. 


RHIZOCHALINA HONDURASENSIS Carter (de Laubenfels). 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.28. 

Date collected.—July 14, 1947. 

Locality.— Harrington Sound, Bermuda. 

Abundance.—One specimen. } 

Shape.—The specimen is actually flattened, but there is evidence that it once 
was sub-spherical. There is a large, central hollow, now collapsed. 

Size.—The specimen measures 4 by 20 by 28 mm. The walls of the cortex are 
about 1 mm. thick. 

Colour.—The living sponge was pale yellow, and it is near the same ine, 
after preservation ; the alcohol also is tinted yellowish by the sponge. 

Consistency.—Spongy, but rather easily torn. 

Surface.-—Smooth. 
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Oscules.—As is often true of the family Coelosphaeridae, no obvious vents can 
be found. The natural assumption is that some of the very small openings are 
exhalent as well as those that are inhalent. 

Pores.—The. surface is abundantly provided with openings from 50 to 150 
microns in diameter. No morphological features were found to indicate which 
were exhalent.and which were inhalent. 

Ectosome anatomy.—A dermal region, 300 to (more often) 700 microns thick, is. 
densely packed with spicules in confusion, and their interstices are also packed 
with organic substances, flesh and perhaps spongin. 

Endosome anatomy.—A layer of pulp, 300 to (more often) 700 microns thick, 
lies between the rind and the.central hollow. It is microcavernous, and is much 
like commonplace sponge endosome, except that it has rather more cavity and less 
flesh than usual. 


Fig. 29. 
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Camera lucida drawing, 666, of two different spicules of Rhizochalina hondurasensis. Only one end 


of each spicule is shown. One exhibits the step-down ending, the other the unbroken taper. 
The enclosed scale shows 20 microns by twos. 


Skeleton.—The spicules are packed in the cortex in confusion, and scattered 
in the pulp—also in confusion except that they do not invade the cavities, but 
rather tend to outline them. There are also a few tracts, about 20 microns in 
diameter, chiefly rising toward the surface of the sponge, about 100 to 200 microns 

apart. They consist of spicules loosely held together, perhaps by spongin. 

' The spicules are oxeas. To be sure, they have sometimes a series of descending 
steps at one end, such as was described for Strongylophora amphioxa ; but the 
final segment of these spicules in Rhizochalina hondurasensis is an acutely pointed 
cone, and the cylindrical walls of the spicules taper before the steps, the while 
forming the steps. The oxeas of hondurasensis vary greatly in size ; a common 
size is 6 by 330 microns ; some reach 7 by 400 microns, others are much smaller. 

Carter, 1882, page 122, described Phloeodictyon hondurasensis from the west 
portion of the Gulf of Mexico. His description nicely fits this Bermuda specimen. 
Phloeodictyon was transferred into synonymy with the earlier Rhizochalina by 

de Laubenfels, 1936, page 72. 


Family CYAMONIDAE de Laubentfels. 


Sponges of this family are sharply characterized by their possession of acanthose 
tetraxon or triaxon spicules. A few decades ago many students of sponges, 
particularly Dendy, made great use of a term “ Tetraxonida”’, often regarded as 
an order, characterized by possessing such spicules, and now divided into the 


orders Choristida and Carnosa, with a strong realization that the sponges of the 
K2 
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order Epipolasida, which have no tetraxons at all, are nevertheless closely related. 
Meanwhile there has long been a tacit agreement that Cyamon and related genera 
(which do have tetraxons) are quite far, indeed, from being related to Choristida 
and Carnosa. The fact that there are spiny spicules in the Cyamonidae probably 
really does prove this point, because the orthodox old “‘ Tetraxonida ” never had . 
the acanthose modification—except on their smaller spicules, the streptasters. 
The Cyamonidae constitute a well-marked family, but one might dispute a little 
as to which order should become its recipient. : 


Genus Cyamon Gray. 


The sponges of this genus have the spiny polyactinal spicules of the family, 
but with them have some smooth monactinal spicules, especially styles. Other 
genera of the family do not have these megascleres. It may be observed that the 
systematists who used an order called ‘“ Tetractinellida ” usually also employed 
another called “‘ Monactinellida’’. Occasional monactinal spicules, such as styles, 
occur in the Choristida, and the Choristida are thoroughly typical of Tetractinellida, 
but this occurrence of styles in choristids has always been excused (almost certainly 
with complete accuracy) as being merely accidental. The occurrence of styles with 
tetraxons in Cyamon is, however, no accident, and has led to inclusion in the 
Monactinellida. 


CYAMON VICKERSI (Bowerbank) Gray. 

Bermuda occurrence of this species is, at the moment, represented only by a 
microscope slide in the author’s possession. 

Date collected—July 16, 1947. 

Localityx—Castle Harbour, Bermuda, north of the west end of the causeway. 

Abundance.—Very rare. 

Shape.—This species is usually amorphous. 

Size.—This species is usually very small. 

Colour.—Elsewhere this species is reported as being bright orange. 

Consistency.—LHlsewhere this species is described as being hard, scarcely elastic 
at all. 

Surface.—Elsewhere this species is said to have a microtuberculate, slightly 
hispid surface. 

Oscules.—Specimens of Cyamon.seem consistently to be lipostomous, perhaps 
because of their small size. 

Pores.—Microscopic and contractile. 

Ectosome anatomy.—No special dermal structures have been reported, but their 
existence is conceivable. 

Endosome anatomy.—Dense, much given over to skeleton. 

Skeleton.—A tightly packed mass of interlacing, spiny, tetraxon spicules, through 
which a few styles protrude, points towards, or even protruding from, the surface. 

Bowerbank, in 1864, page 234, described a little sponge from the West Indies 
as Dictyocylindrus vickersi. It was not only’ small, but so preserved that colour 
and some other traits could not be made out, but its spicnlation was both distinctive 
and remarkable. 


THE PORIFERA OF THE BERMUDA ARCHIPELAGO. 69 


In 1867, page 546, Gray erected for vickersi the new genus Cyamon. Other 
species of this genus have since been found in the Far East. In 1932 I found 
another specimen in the West Indies, north of Cuba, of what was obviously vickersi 
again, and this time was able to add data as to colour in life. This, too was a 
very small sponge. Members of the Cyamonidae seem seldom or never to attain 
a large size, are consistently as small or smaller than peas, or grains of corn. 

On the 16th of July, 1947, in the Bermudas, I collected a specimen of Dysidea 
fragilis, already described in this paper. It contained, as is characteristic of 
that species, a number of obviously foreign spicules. Among them were two of 
the very distinctive acanthostrongylote tetractinellid megascleres of Cyamon 


Fig. 30. 


Camera lucida drawing, x 666, of the spicules of Cyamon vickersi. The enclosed scale shows 
20 microns by twos. 


vickersi, familiar to me from my study of the species in 1932. This is excellent 
evidence that the species occurs in the Bermudas. The other conceivable alterna- 
tive is that some, as yet undescribed but related, species so occurs. It may be 
that when better specimens are found, a new name will prove to be necessary, 
but on the basis of present evidence this is not warranted. 

More specimens of Cyamon should be sought. They are to be expected on the 
underside of heavy stones, or deep in cracks. They will probably be tiny, yellow 
or orange flecks of hard material, easily overlooked as well as difficult of access. 
Their rarity in collections seems rather from hiding and smallness than from 
actual absence—they must be present if Dysidea can obtain their spicules. 


Family TEDANIIDAE Ridley and Dendy. 


The sponges of this family have a special dermal skeleton which is built up of 
diactinal megascleres, whereas the skeleton of the interior is built of monactinal 
spicules. This description also applies to the family Myxillidae, which is an even 
larger family. Topsent, in 1928, regarded the two as so close that he put the 
Tedaniidae as merely a subfamily of the Myxillidae. A principal item of difference 
is that few or none of the megascleres of tedaniid sponges are spiny. This can 
be a very minor point. It acquires great significance only in connection with 
the identification of a third type of spicule, the first being principal, the second 
being dermal, and the last being echinating. The Tedaniidae clearly lack echinating 
spicules. The Myxillidae not only have acanthostyles ; these are either obviously 
echinating in placement, or—in Myzilla itself, where the megasclere crowding 
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makes it difficult to recognize echinating placement—they morphologically resemble 
echinating spicules. In fact, a conceivable interpretation is that the majority of 
the endosomal spicules of Myzilla are echinating, and the difficulty in finding 
echinators is merely that of the traveller who could not see the forest because there 
were so many trees in the way. 

Thus a suitable diagnosis of Tedaniidae would be: diactinal dermal, and. 
monactinal main spicules, as in Myxillidae, but without echinating spicules. 


Genus TEDANIA Gray. 


The sponges of this genus are quite typical of the family as above described. 
The dermal spicules are tylotes, the endospicules are smooth styles. The genus 
is set off from others with the family especially by its complement of microscleres. 
These include microspined raphides and no others. 


TEDANIA IGNIS (Duchassaing and Michelotti) de Laubenfels. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.29. | 

Date collected.—July 28, 1947, and many others. 

Locality.—Harrington Sound, Walsingham Pond and the Bermuda coasts in 
general. 

Abundance.—This species is extremely common. 

Shape.—Encrusting to massive, often with elevated vents. 

Size.—Head-sized specimens are common, fist-sized specimens even more so. 

Colour.—Bright, flaming red: This, coupled with the fact that many people 
acquire a dermal inflammation of chemical origin as a result of handling ignis, 
results in a widespread local or colloquial name for this as as the “ fire sponge ”’ 
It seems evident that 83 years ago, when Duchassaing and Michelotti named 
this species, the same colloquial term must have been current. The scientific 
name is, in this case, very appropriate. 

The colour of ignis fades slowly in alcohol, finally, after weeks or months, 
practically to white. The alcohol becomes pinkish orange. The dry sponge is. 
dirty white. 

Consistency.—Soft, compressible, extremely easily torn. Newly collected 
specimens will fall apart if held at only one side. 

Surface-—Smooth. 

Oscules.—Often over 1 cm. in diameter. In the living sponge one may easily 
peer down into the shaded, dark interior of the sponge, through the oscular 
aperture, and see there three or four tributary canals opening into the oscular 
cloaca, as round, black holes. The oscule itself often has a raised collar, as tall 
or even slightly taller than the diameter of the oscule. These are not narrow 
walls, but conical elevations like voleanoes with huge craters. 

Pores.—Abundant, 20 to 50 microns in diameter, or (often) completely closed. 

Ectosome anatomy.—There is a fleshy dermis, about 70 microns thick, but not 
easily measured or easily detached, because it blends into the tissue of the sponge’s. 
interior without a sharp separation. Within this ectosome the protoplasmic 
structures are dense and solid ; there are exceedingly numerous cells of the sort 
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with brightly coloured granules, and there are abundant tylote spicules. The 
latter are nearly all tangentially placed, but otherwise in confusion. In places 
even the horizontal-vertical pattern is also confused. 

Endosome anatomy.—Cavernous, somewhat like bread. The flagellate chambers, 
which are located in the septa or walls about the gross cavities, are spherical and. 
about 40 microns in diameter. 

A specimen collected on the 8th of August, 1947, was peppered all through the 
interior with vivid, red, sub-spherical embryos, each about 500 microns in diameter. 

Skeleton.—The dermal spicules are straight tylotes, ends only very slightly 
enlarged and the extreme tips very slightly microspined, see fig. 31. A. Their 
sizes range from 3 by 200 to 5 by 170 microns. The endosomal styles are smooth 
and often slightly curved, see fig. 31 B. Their sizes range from 5 by 170 to 6 by 
210 microns. They are usually arranged in confusion, except as they may outline — 
cavities. They do not as a rule protrude into canals. The microscleres are 
extremely abundant raphides, so faintly microspined that one might debate their 
smoothness. See fig. 31C. They reach a size of at least 1-5 by 200 microns, but 
may be found in all sizes from that down to practical invisibility. 


Fig. 31. 
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‘Camera lucida drawing, x 666, of the spicules of Tedania ignis. A: Dermal tylote ; B: Endosomal 
style ; C: Raphides (microscleres) of large and small size, as found. Intermediate sizes of 
raphides are even more abundant. The enclosed scale.shows 20 microns by twos. 


This species was described as Thalysias ignis by Duchassaing and Michelotti in 
1864, page 83, from the Caribbean region. It is a superabundant species throughout 
the West Indies. Closely related sponges are common over much of the marine 
environment of the world. 

Schmidt, 1862, page 74, described Reniera nigrescens from the Mediterranean, 
and this was made the type of the then new genus of T'edania by Gray, 1867, page 520. 
‘The spicules of nigrescens and ignis are very similar, and Burton and Rao, 1932, 
page 353, argue that the two are conspecific. The old-world Tedania of this sort, 
as implied in its name, is usually black or dark green. Burton holds that colour 
differences are trivial, pointing out that some old-world specimens are more or less 
reddish too. Certainly colour does vary, especially depending upon the amount 
of illumination which exists at the point of growth. Other great colour changes 
occur with pathological or senescent conditions. Yet one can allow for such 
factors ; within comparable situations as to ecology and physiology, colour 
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acquires significance. I believe that the differences between T'edamia nigrescens and 
Tedania ignis are great enough to warrant retaining the distinctive, descriptive 
name of the West Indian species. 

Names are convenient handles for human use. One could argue that lions 
and tigers are conspecific, because they certainly interbreed successfully. By some 
dictionary definitions that proves they are all the same species. Nevertheless it is. 
well to call a lion Felis leo and a tiger Felis tigris for convenience in talking or 
writing about the two. Tedania ignis similarly requires its name. 


TEDANIA TORA, Sp. n. 


The syntype, which is a portion of the holotype, is deposited in the British 
Museum (Natural History) register number 1948.8.6.30. The holotype is preserved, 
at least temporarily, in the Museum of the Government Aquarium at Flatts, 
Bermuda. 

Date collected—July 8, 1947, also eet 8, 1947, a once in 1946 by 
Dr. Bergmann. 

Abundance.—Three specimens known. 

Shape.—Encrusting, occasionally with projecting lobes. 

Size.—4 to 7 mm. thick. The protrusions may be 3 to 5 mm. in diameter, and 
as much as 20 to 25 mm. long. | 

Colour.—Orange-red. 

Consistency.—Softly spongy, eae very easily torn. 

Surface.—Smooth. 

Oscules.—Small, contractile. 

Ectosome anatomy.—There is a thin protoplasmic dermis about 10 microns thick. 
It contains special dermal tylote spicules, horizontally arranged. 

Endosome anatomy.—Cavernous, somewhat bread-like, much as in T'edania ignis. 

Skeleton.—The dermal spicules are tylotes with microspined terminations.. 
See fig. 32 A. They are usually 2 by 180, but may reach 3 by 180 microns. The 
endosomal or principal spicules are not styles, but tylostyles ; see fig. 32 B. They 
are usually 3 by 180 microns, but may be as large as 4 by 200 microns. The 
microscleres are abundant raphides ; see fig. 32 C. They are usually 0-5 to 1 micron 
thick, and 120 to 140 microns long, and they are extremely common throughout 
the flesh. The spicules of the interior are very confused in arrangement, but are, 
in general, tangential to the surface of the gross internal cavities. 

Kach of the three specimens here termed Tedania tora was found in a locality 
where specimens of J'edania ignis were superabundant. I had had severe finger 
irritation from sponge contacts, and therefore made quite a study of the appearance 
of ignis, juvenile and mature, in order to avoid accidental contact with it. It is 
therefore significant that each of the specimens here named tora was confidently 
identified in the field as NOT being T'edania at all. It is admittedly difficult to. 
put on paper some sponge differences that are, none the less, quite real. This. 
situation causes a great deal of discouragement to anyone who is anxious to explain 
Porifera. 

Yet there are several things that can be said about tora. Its colour is more 
yellowish that that of ignis. It has a lobular appearance quite unlike the volcano- 
covered cones and cavities of ignis. Its spicules are definitely smaller. Probably 
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the one most significant difference of all is that the endosomal megascleres are 
tylostyles rather than simple styles. 

Of all the many species named ascribed to Tedania, only two apply to sponges 
with tylostyles rather than styles for endodermal spicules. Both of these are 
species (or are they variants of the same species ?) that I described from California, 
briefly in 1930, more at length in 1932, page 85. In Tedania toxicalis these- 
tylostyles are 2 by 100, to 7 by 200 microns, and the sponge was rich brownish 
red in life. In T'edania topsenti they are 11 by 250 microns, and the sponge was 
bright orange in life. These certainly seem emphatically different from each other,. 
and from Tedania tora. 


Fig. 32. 


Camera lucida ne. x 666, of the spicules of T’edania tora. The enclosed scale shows 
20 microns Oh twos. 


Another possibility must be kept in mind. We may grant that tora is distinctly 
different from the abundant T'edanias that surround it, but argue that it represents 
some pathological modification, like finding a few hunchbacks among a crowd of 
people, all the others being normal as to spine. This possibility cannot be denied, 
and should not be forgotten. Perhaps at some future time suitable additional data 
will be discovered. In the meantime, a handle or designation is useful, whereby 
the small-spiculed, tylostylote variety may be discriminated. 

Most scientific names (properly) come from the Greek, but this is an exception ; 
tora is modified from the Latin torus, a small, rounded protrusion. 


Genus LissoDENDORYX Topsent. 


Sponges of this genus have megascleres much like the megascleres of T'edania, 
except that once in a while some of the endosomal styles have a few spines on them. 
The significant difference concerns the microscleres and the structure. The latter 
is distinctly more reticulate than that of T’edania, and is sub-isodictyal, with many 
spicules per side of the polygonal meshes. The microscleres include arcuate 
isochelas and (usually) sigmas. Stress is laid on the fact that the chelas must be 
arcuate. 


LISSODENDORYX ISODICTYALIS (Carter) Topsent. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.31. 

Date collected.—July 12, 1947, and many others. 

Locality Harrington Sound, age eno Pond, Hungry Bay, and the coasts 
of the Bermudas in general. 
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Abundance.—Very common, but rather inconspicuous. 

Shape-—Amorphous to massive. This species in Bermuda, as elsewhere, 
regularly occurs in a great tangled mix-up of biological miscellany, interlaced with 
algae, ascidians, coelenterates, and whatever life is in the vicinity. The Lisso- 
dendoryx may be pierced by these others, but more often it inserts itself into 
crannies between and among them. While the sponge clearly prospers, it does 
not effectively eliminate the other living forms, and thus it may be described as 
one that “ lives and lets live”’. This is true of Lissodendoryx in general, in other 
localities, too. In fact, in the Bermudas it is possible to obtain larger specimens of 
just Lissodendoryx and not much else, than can be obtained elsewhere. 

It is common to find a double-handful size mass of Lissodendoryx but upon close 
examination to discover that more than half the volume or weight consists of 
other things than the sponge, although the latter is continuous from side to side 
in all directions. | | 

As is also true in other localities, Atlantic and Pacific, sponges of the genus 
Lissodendoryx in life have a strong odour of the sort termed “ sulphurous ”’. This 
is very similar to the odour of sponges of the genus /rcinza, although the two genera 
are rather far apart in systematic position. A surmise is here made that the 
two have similar food habits. 

Size.—Masses 10cm. thick are common, and they spread laterally indefinitely. 

Colour.—The basic colour seems to be a sort of ochre or brownish yellow, almost 
orange. ‘The interior usually has this colour, and the exterior sometimes does so, 
too. Most specimens of Lissodendoryx, however, appear blue, blue-green, or clear 
green, probably due to microscopic symbionts which reside in the ecotosome. 

Consistency.—Fragile, easily torn, but somewhat spongy. 

Surface.—Undulating, with low, irregular lumps, occasionally there are patches 
of several square centimetres that are nearly smooth. 

Oscules.—1 to 6 mm. in diameter, rather uncommon. There must be 
numerous additional, very small, readily closeable vents that are overlooked. The 
obvious oscules are closed, as in many sponges, not by squeezing together the cloacal 
walls but by a thin, protoplasmic membrane which pulls inward from all sides. 

Pores.—Abundant, contractile ; certainly they can be opened to 30 microns in 
diameter, perhaps to 50. 

Ectosome anatomy.—A definite but thin dermis or protoplasmic membrane is 
present. It is rather conspicuous where it forms a roof of ceiling over the sub-dermal 
cavities. These reach a diameter greater than 1 mm., and meander about like 
maps of river systems. 

Endosome anatomy.—Cavernous, bread-like. 

Skeleton.—There are special ectosomal spicules. These are smooth tylotes (see 
fig. 33 A), 2 by 180 to 4 by 180 microns. They are usually placed within the 
thin dermis, and hence are tangent to the surface. The endosomal megascleres 
are smooth styles (see fig. 33 B), 3 by 150 to 5 by 150 microns. The solid masses 
of tissue (ground substance and cells) which surround the minute cavities of this 
sponge are filled with these styles in sub-isodictyal reticulation. Often clusters 
‘or rows of such spicules outline rooms, ‘“log-cabin” style. For microscleres 
there are numerous sigmas (see fig. 33 C), 12 to 20, but oftenest 17 microns in chord 
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measurement. There are even more numerous arcuate isochelas (see fig. 33 D), 
about 22 microns long. 

This species is abundant throughout the entire West Indian region, and on: itis 
Atlantic Coast of North America up to North Carolina (Beaufort). It was first 
described by Carter, 1882, page 285, as Halichondria isodictyalis. In 1889, page 49, 
Topsent described it, also from the West Indies, as T'edania leptoderma, and in 1894 


Fig. 33. 
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Camera lucida drawing, * 666, of the spicules of Lissodendoryzx isodictyalis. 
The enclosed scale shows 20 microns by twos. 


Topsent made this the type of his genus Lissodendoryx. Finally, in 1925, Topsent 
noticed the similarity, and brought the two species appropriately into synonymy. 
H. V. Wilson recorded this from North Carolina as Lissodendoryx carolinensis,. 
but de Laubenfels, 1947, page 35, points out the synonymy. In my various 
summers in and about the Dry Tortugas, I found this a v regular and locally 
abundant West Indian species. 


Family PSAMMASCIDAE de Laubenfels. 


This family comprises sponges that borrow their skeletons quite extensively.. 
Most of them are filled with great masses of sand, of whatever chemical sort happens 
to occur in the vicinity, but fragments of foreign spicules, bits of skeleton of 
animals other than Porifera, and even plant material may be borrowed. Vestiges 
of the sponge’s proper skeleton also remain, in the form of proper spicules. 

While it is true that such a situation may be arrived at independently by species. 
not otherwise closely related, it is by no means certain that the family is poly- 
phyletic. A number of indications of genetic relationship exist—the rather slimy 
ectosome, and abundance of sigmoid microscleres for example. 


Genus XyToprsuEs de Laubenfels. 

Sponges of this genus are regularly loaded with foreign material—often sand, 
but—as in the Bermuda specimens—they may contain other extraneous substances. 
There are thin, small but proper diactinal (strongylote) megascleres, sigmas and 
arcuate isochelas for microscleres. 


XYTOPSUES GRISEUS (Schmidt) de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.22. 
L2 
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Date collected.—JSuly 28, 1947, and many others. 

Locality.— Harrington Sound, Bermuda. 

Abundance.—Moderately common. 

Shape.—Amorphous massive, rounded. 

Size.—Fist-size specimens are common, some reach almost the size of a fe 
head. 

-Colour.—Field notes term this species “polychrome”. At a slight distance it 
appears brown, but closer examination reveals that it is vaguely mottled, blended, 
with—as it were, a little bit of everything, all mixed up. One finds hints of dull 
pink and dull green, of dull lavender and very dull yellow, all simultaneously 
present here and there. None of these tints are definite, clear-cut colours, but 
merely appearances. The sponge fades to pale drab in alcohol, but colours the 
fluid green, probably due to chlorophyll. 

Consistency.—Slimy, softly spongy, easily torn. The slime is an abundant 
colloidal extrusion, not merely the tactile sensation imparted by a smooth slippery 
surface. 

Surface.—Compound tuberculate. It is covered with coarse lumps, about the 
size of peas, which are in turn finely lumpy. Sub-dermal canals that are more than 
1 mm. in diameter meander about conspicuously on the surface, and over each 
is a smooth, thin, translucent skin or membrane. 

Oscules—About 1 mm. in diameter, but very changeable in life. They are 
openings through the above-mentioned dermal membrane, over the surface canals, 
and they are readily closed or opened. 

Pores.—Microscopic, contractile. 

Ectosome anatomy.—There is a definite dermis, especially conspicuous over the 
surface canals, but it does not contain any special dermal skeleton. It is about 
‘10 microns thick, and does contain a few spicules. Because of its thinness these 
‘spicules are cluefly in the tangential position. 

Endosome anatomy.—Some specimens of this sort are especially full of symbiont 
vegetables as compared to other sponges, common as this trait is among Porifera. 
The inclusions of griseus as found in Bermuda are especially coarse, easily noticed 
vegetables. The specimen now being considered is more than half algae, less than 
half sponge by volume or by weight ; this is a conservative statement—three-fourths 
vegetable may be nearer to final accuracy. The principal plant seems to be the 
same one which has been already described as being so abundantly present in 
Dysidea fragilis, and is probably of the genus Jania. There are long algal strands, 
green, 65 microns thick, divided into nodes that are a little less than 300 microns 
apart, hence about four times as long as thick. The strands are longitudinously 
striated, and they often branch at the nodes. The gross outline of the mass is that 
of the sponge, however. The whole symbiosis occurs inside the sponge’s skin, 
served by the sponge’s pores and oscules, its canals and chambers. A typical 
Desmacidonid skeleton permeates the interstices between the algal filaments, or 
perhaps one should put it the other way. 

Skeleton.—The megascleres (fig. 34 A) are straight, smooth strongyles, 1 to 3 
microns in diameter, oftenest 2-5 microns. Their length varies from 150 to 180 
microns. There are also abundant microscleres: isochelas (fig. 34 B), 16 to 18 
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microns long, that are certainly to be termed unguiferate. In general, unguiferate 
-chelas are anchorate rather than arcuate, and arcuate chelas are seldom unguiferate. 
Yet these chelas of griseus are probably best classified as arcuate. The general 
usage during recent years tends to reserve the word anchorate for chelas that have 
(at each end) four obvious tines, 90° from each other; that is to say—there is a 
recognizable clad or tine parallel to the shaft. Clear-cut arcuate chelas show only 
three clads or tines at each end. By this criterion these microscleres, as they occur 
in griseus, are arcuate. 

There are also present in grisews numerous sigmas (fig. 34 C) which are 20 to 30 
microns in chord length. 

There is a discussion of Phoriospongia osburnensis in de Laubenfels, 1947, page 35. 
‘This name was erected by George and Wilson, 1919, page 154, and in the location 
cited it is referred in synonymy to that which was first described as Desmacidon 
australis by Dendy, 1896, page 19. Study of the species griseus at Bermuda and 


Fig. 34. 


ef NS ( 


Camera lucida drawing, x666, of the spicules of Xytopsues griseus. The enclosed 
scale shows 20 microns by twos. 


further review of the literature now convince me that this synonymization was 
not correct—although related, the species mentioned are probably distinct. Instead 
-osburnensis should be dropped in synonymy to this West Indian species, which 
was first described by Schmidt, 1870, page 55, as Desmacidon griseum. The 
species osburnensis was made the type of the genus Xytopsues, thus this genotype 
should now be known as Xytopsues griseus ; but its location in the family Desmaci- 
-donidae is not suitable ; it should. be transferred to the family Psammascidae. 

Schmidt, 1870, page 55, set up a name Desmacidon dianae for a West Indian 
sponge. He gave it only a few words of description, and it is essentially unrecog- 
nizable. I propose to leave it, pro tem, as ‘a synonym of Xytopsues griseus (named 
on the same page), because any other allocation is open to even greater question, 
and because my best opinion is that Schmidt’s specimens (so named) were actually 
conspecific. Schmidt seemed to consider the chief difference to be the occurrence 
in dianae of peculiar lumpy toxiform spicules. It is my surmise that these were 
not proper to the sponge, but were inclusions, perhaps not even poriferan in 
origin, but from animals of some other phylum. 

Mention was made by de Laubenfels, 1947, page 35, of the sponge that was first 
‘described as Desmacidon australis by Dendy. This was made the type of the 
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genus Burtonispongia by de Laubenfels, 1936, page 52. The following species: 
were there referred to this new genus, but a further study of them now indicates 
that there should be the revised allocations which are indicated at the right of 
the list. 

Desmacidon australis Dendy, 1896, page 19. Type of Burtonispongia. 

Desmacidon tunicata Schmidt, 1870, page 55. Hereby transferred to Coelo- 
sphaera. 

Desmacidon dianae Schmidt, 1870, page 55. Here transferred to X ytopsues. 

Desmacidon griseum Schmidt, 1870, page 55. Here transferred to Xytopsues. 

Desmacidon peltatus Topsent, 1904, page 204. Here transferred to NV aauna. 

Desmacidon platei Thiele, 1905, page 436. Here transferred to Naauna. - 

Fibularia raphidifera Topsent, 1889, page 16, Here transferred to Fibulia. 

Halichondria cylindracea Bowerbank, 1882, page 96. Here transferred to- 
Anomomyxilla. 

Halichondria stelliderma Carter, 1886, page 451. Transferred to Strongylacidon, 
per Burton, 1934, page 554. 

Dysidea cher as Carter, 1885, page 217, to Psammodoryz, per Burton, 1934,. 
page 554. 

Thus the genus burtonispongia now remains monospecific, characterized by spicu-- 
lation of strongyles, sigmas and anchorate isochelas, with much foreign material 
added. Because anchorate and arcuate chelas blend, those of grisewm—for example 
—have the unguiferate modification which suggests anchorate, therefore further 
study of Australian material may show that Burtonispongia australis could be said 
to have arcuate instead of anchorate chelas. In this case the genus Burtonispongia 
might have to fall in synonymy to Xytopsues. 


NAAUNA, gen. nov. 


This genus does not occur in Bermuda. 

Mention was made above of two species which were first described in the genus. 
Desmacidon, that is to say, peltatus Topsent, 1904, page 204, and platei Thiele, 1905, 
page 436. They appear to’ be congeneric with each other, but not suitable for 
placement in any genus that is already established. The new genus Naauna is. 
therefore here established to receive them, and the type is designated as the species. 
peltatus of Topsent. This genus belongs in the family Desmacidonidae, and is. 
characterized by the possession of strongylote megascleres and microscleres. 
which are isochelas of the palmate type, although in both species they verge toward 
the arcuate form. The type species also has raphides, but plate: does not, and 
the generic diagnosis should not require this latter spicule sort. The name Naauna- 
is an arbitrary arrangement of letters, not having any significance that is known — 
to the author. 


Family MICROCIONIDAE Hentschel. 
The sponges of this family have monactinal megascleres of the endosome, as do- 
the members of the Tedaniidae, and they likewise have special dermal spicules,. 
but these are monactinal in the Microcionidae. The architecture is reticulate in. 
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both families, but it is more likely to exhibit tracts or even fibres in the species 
of the: Microcionidae, and the latter also have obviously echinating ‘spicules 
protruding from their fibres, as the Tedaniidae do not. 


Genus EuRYPON Gray. 


Sponges of this genus are encrusting, in such a way that it is conceivable that 
this is a permanent habitus, not merely a juvenile form or environmental response. 
In lieu of ascending fibres or tracts, in Hurypon large solitary spicules stand erect 
upon the substrate, and the sponge seems never to become a crust any thicker 
than these spicules are tall. These spicules take the place of ascending tracts, 
and they are echinated by acanthostyles as fibres often are echinated. There are, 
in addition, special dermal monaxons in Hurypon. 

Most of the genera of the Microcionidae possess microscleres ; Hurypon is remark- 
able in that it does not. This also is true of Acanthewrypon, whose spiculation is 
much like that of Hurypon, but the architecture is different. In Acantheurypon, 
instead of the long, solitary spicules, there are ascending tracts, echinated in the 
usual way. Acantheurypon is seldom (or briefly) encrusting, and shows a decided 
tendency to grow up to be tall, even ramose in shape. 

The genus Bethia has no microscleres, but has radiate structure, so that its 
placement in the family Microcionidae is open to grave question. The genus 
Paracliona inhabits Cliona burrows, hence has peculiar structure, and also is of 
dubious family placement. All the other genera of Microcionidae have distinctive 
microscleres. 


EURYPON CLAVATA (Bowerbank) Gray. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.32. 

Date collected.—June 30, 1947. 

Locality.—Harrington Sound, Bermuda. 

Abundance.—One specimen. Doubtless careful investigation of many thin 
(therefore nearly invisible) encrustations would yield more specimens of this sort, 
and probably would yield additional similar species for the Bermuda fauna. 

Shape.—A very thin encrustation. 

Size.—Less than 1 mm. thick. The aes found in 1947 was about as large as a 
shilling. 

Colour.—In life it was orange. In spirit it has become a pale drab. 

Consistency.—Softly fragile. : 

Surface.—Hispid, due to the erect spicules which were discussed in the generic 
description. 

Oscules.—Microscopic and contractile. It is typical of these thin encrusting 
forms that the oscules cannot be found. 

Pores.—Microscopic and contractile. 

Ectosome anatomy.—No specialization. 

Endosome anatomy.—Microcavernous and fleshy. There may have been a basal 
plate of spongin. 

Skeleton.—The long, smooth spicules stand erect upon the substratum, points 
upwards (see fig. 35 A). They are long, smooth tylostyles, 15 by 1,000 to 16 by 2,000 
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microns in measurement. The shorter, spiny spicules (see fig. 35 B) echinate- 
these longer ones as though the erect ones were fibres. There are also many of 
the acanthostyles merely loosely scattered within the fleshy walls that surround 
the cavities of the sponge. The acanthostyles vary in size quite a bit, at least. 
from 5 by 70 to 11 by 205 microns. As is the rule among spiny megascleres, the: 
larger the spicule, the fewer the spines! Most of the larger spines on the larger 
megascleres are curved like rose-thorns, point toward the spicule’s blunt end, 

but near this rounded end some of the thorn-like curvatures are directed instead: 


toward the spicule’s pointed end. 


Fig. 35. 


Camera lucida drawing, Xx666, of the spicules of Hurypon clavata. A: shows the head end of 
one of the long, smooth, erect tylostyles, and the pointed end of another one of the same category 
of spicules; the extremely long mid-portion is not shown; it is simply cylindrical. B: 
illustrates two representative acanthostyles. The enclosed scale shows 20 microns by twos. 


This species was described by Bowerbank, 1866, page 143, as Hymeraphia 
clavata. Gray, 1867, page 521, made it the type of the genus Hurypon. It is 
common in European marine waters, and probably about the coasts of the North 
Atlantic in general, but as already explained, it is quite likely to-be overlooked. 

Numerous species of Hurypon exist on paper, differing among themselves chiefly 
by slight differences in spicule size—much of this may lie within the range of 
variation of a very few species. The more vaguely one of them is described, the: 
more it appears to be conspecific with this Bermuda specimen, or rather—vice 
versa. Many of them may be conspecific with clavata, the oldest species of the 
genus. In particular, it is here remarked that the two species first described as 
Hymeraphia coronula Bowerbank, 1874, page 246, and Hymeraphia simplex 
Bowerbank, 1874, page 253, should be transferred in synonymy to clavata. 


Genus TRICHEURYPON Topsent. 


Sponges of this genus are obviously related to those of the preceding genus, 
as is indicated in the name. But they have raphides as microscleres, where the 
species of Hurypon have no microscleres. Specimens of Hurypon are reported 
in the literature much more frequently. than are specimens of T'richeurypon ; in 
fact, the latter must be regarded as a very rare genus. As a result of the paucity 
of specimens, the range of variation is not well known. 
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TRICHEURYPON VIRIDIS Topsent. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.33. 

Date collected.—July 8, 1947. 

Locality. Walsingham Pond, Bermuda. 

Abundance.—One specimen. 

Shape.—This appears to be a digitate sponge, expanded in a sort of pedestal: at 
the base. There is a central cavity which runs the entire length of the specimen, 
but it gives no indication of being cloacal—rather it seems to be a residue, where 
perhaps some foreign object had been located. The interpretation is here offered 
that the sponge now being described is actually an encrusting type, not at all 
disposed to be digitate ; it is further predicated that it grew on the surface of 
some other sessile plant or animal which did have an elongate, cylindrical shape, 
and that this other plant or animal has since died and decayed. In fact, the 
distal third of the Tricheurypon was dead and macerated at the time of collection, 


' perhaps as a result of the dying and decaying of its substrate, a death perhaps 


brought on by the circumstance that the sponge had finally completely covered 
and smothered it. 

Size.—The column of sponge is 45 mm. high, of which the upper 15 mm. were 
already dead and macerated when it was collected. Most of the column is 8 mm. 
in diameter, but at the base it flares out to 20 mm. The central cavity is 3 mm. 
in diameter. Another, and probably more significant description of the size of 
this species is to say that it is a crust a trifle more than 2 mm. thick. 

Colouwr.—The living sponge was a rich blue, and this has faded only a little in 
alcohol. Other Bermuda sponges, especially some specimens of Geodia and many 
specimens of Terpios, have a blue outer layer that similarly resists both alcohol 
and water. In this Trichewrypon the blue colour extends not only to the ectosome, 
however, but also to the endosome. 

Consistency.—Spongy, soft, very easily torn. 

Surface.—Tuberculate, with tubercles less than 1 mm. apart, and only about 
400 microns high. 

Oscules.—As characteristic of many thin, encrusting sponges, no oscules are 
certainly to be made out. To be sure, there are two holes, about 1 mm. in diameter, 
near (but not at) the distal end of the sponge. ‘They appear, however, to be torn 
places or punctures, perhaps the locations of branches of the object on which the 
sponge grew, or merely accidental wounds. 

Pores.—Small, contractile, about 35 microns in diameter. 

Ectosome anatomy.—No dermis is evident. 

Endosome anatomy.—Cavernous, bread-like, the cavities remarkably spherical. 

Skeleton.—-There are abundant, long, smooth tylostyles (see fig. 36 A) often 
7 by 800 microns. They are frequently bent near the head end, which probably 
comes as a result of the fact that the sponge grew on a flexible rather than on a 
rigid substratum. Another outcome is that these spicules, which would be expected 
to stand erect on the substratum, are irregularly placed in this specimen—some 
are erect with regard to the solid attachment at the base of the column, others 
erect with regard to the central cavity, and thus they are in confused disorder 
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with regard to each other. Among these, probably to be regarded as echinating 
them, are abundant acanthostyles (see fig. 36 B) 3 by 36, 5 by 135, 6 by 120 microns, 
and similar sizes. Often these spicules lie tangent to the cavities of the sponge, 
obviously avoiding piercing the cavity. The microscleres are commonplace 
raphides (see fig. 36 C) 1 by 60, 1/2 by 75, 1/3 by 20 microns, and similar sizes. 

This species was described as Hymeraphia viridis by Topsent, 1889, page 14, 
a West Indian species. In 1928, page 295, Topsent erected the genus T'richeurypon 
to receive it. 


Fig. 36. 


‘Camera lucida drawing, 444, of the spicules of Trichurypon viridis. A: shows the head 
portion and also the pointed portion of one of the long tylostyles, but does not show its central 
portion. The spicule shown at D is a curious abnormality, not at all characteristic of this 
species in general, but recorded to illustrate what spicule malformations may occur in sponges. 
The enclosed scale shows 20 microns by twos. 


The original material was dry, and this illustrates graphically the danger in 
giving colour names unless based upon the living material. Here we have a bright 
blue sponge named viridis because its dried remains assume a greenish hue. 
Attention has already been called to the fact that the well-named Haliclona viridis 
is green when alive, but may be violet in alcohol, whereas the several violet 
Haliclonas all fade to drab. The appearance of died or spirit specimens is only 
occasionally the same as the sponge’s real colour when alive. 


Family OPHLITASPONGIIDAE de Laubenfels. 


Sponges of this family, like those of the Microcionidae, have monactinellid 
spicules as both ectosomal and endosomal spicules ; the two spicule sorts are 
often but little, if any, different from each other. Furthermore, the echinating 
spicules are smooth, instead of spiny, as in other families of the Poecilosclerina. 
Thus, although very close to the Microcionidae—so close that specimens may be 
very difficult to allocate as between the genera Microciona and Ophlitaspongia—the 
Ophlitaspongiidae are none the less transitional, in the direction of the orders 
Halichondrina and even Hadromerina. The smooth echinators, for their very 
smoothness tend in the direction of the plumose architecture which characterizes 
Axinella, and—if carried one step further—the radiate structure of the Hadromerina. 
In the latter, tylostyles are the rule, such spicules are much commoner among 
the Ophlitaspongiidae than they are in other families of Poecilosclerina. 
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Genus DESMACELLA Schmidt. 


Sponges of this genus have the very simple spiculation of tylostyles and sigmas.. 
The architecture is semi-plumose, with smooth tylostyles echinating as well as. 
coring the tracts of the skeleton. This is a common genus in the West Indies,. 
with four or five species in the region, and many individuals. 


DESMACELLA JANTA Verrill. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.34. If, as appears to be certain, the holotype. 
has been hopelessly lost, this British Museum specimen should be taken as the 
neotype of the species yania. The residue of this particular type specimen— 
the British Museum specimen being a portion—is preserved (at least temporarily) 
in the Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected—August 8, 1947. _ 

Locality.—Walsingham Pond, Bermuda, on submerged mangrove roots. 

Abundance.—Very common within the restricted area specified—it was found in 
1947 only in Walsingham Pond, and only on mangrove roots. 

Shape.—Encrusting, somewhat lobular. 

_ Size—3 to 11 mm. thick, but growing laterally indefinitely ; it grows clear: 
around mangrove roots which are 4 cm. thick, and often grows the length of the 
root until further progress would bring it out of water, or until it collides with 
another sponge. It is also associated with Diademnid Ascidians. Some continuous 
erowths of Desmacella jania were found with a total length, on the root, of more 
than 70 cm. 

Colour.—The living sponge is basically lavender, but there are curiously 
contrasting rose-pink areas or mottlings. An effort was made to ascertain whether 
or not the pink areas were different from the lavender areas in any other respect 
than colour. The regions of extensive sub-dermal canals seemed more often to 
be pink, less often lavender, and the regions with few sub-dermal canals seemed 
more often to be lavender, but there were exceptions to both. The suggestion is 
here offered that the pink areas were characterized by cells which were getting 
ready to take their places in embryos—that is to say, that the pink colour 
characterized reproductive tissue. 

All over this species appear easily observed meandering sub-dermal canals, just 
below the surface, and separated from it only by a thin dermal membrane. These 
canals form patterns like the maps of river systems. Along each stream, and 
blending into the lavender tissue on each side, the colour is the contrasting pink. 
The sub-dermal channels are consistently pink, and here and there occur pink areas, 
2 or 3 cm. in diameter, not directly associated with the channels. 

The preserved sponge and the alcohol in which it is immersed have both 
become a vivid brown colour, but this is chiefly the result of bits of mangrove root 
which were intimately associated with the sponge—it is more mangrove pigment 
than Poriferan. 

Consistency.—Spongy, but fragile. 

Surface.—Optically smooth. 

M 2 
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Oscules.—Small,.and contractile. In the field they were visible and about 1 mm. 
in diameter, but in preserved material they are closed, so effectively that they 
cannot be found. 

Pores.—Microscopic and very contractile. In preserved material considerable 
portions of the dermis are so imperforate that not even the pore locations are 
evident. 

Ectosome anatomy. —There is a definite protoplasmic dermis, between 10 and 
20 microns thick, which contains spicules tangentially placed. 

Endosome anatomy.—Compact, fleshy. 

Skeleton.—The megascleres are tylostyles (see fig. 37 A) with long heads. The - 
shaft is 2 microns, or even less than 2 microns thick ; lengths are usually 180 to 190 
microns. Some of these megascleres are loosely strewn in the flesh, but chiefly 
they are organized into definite tracts which are about 20 microns in diameter, 
and which have about 20 spicules per cross-section. These tracts weave about 
in a sinuous, undulating manner, but seldom or never anastomose. When the 
tract, is straight, the spicules are very straight indeed, but when the strand in 
which they occur is bent, at that point they are curved. The microscleres are 
sigmas (see fig. 37 B) that are remarkably free from contortion. They are also 
rather uniform as to size, 26 microns chord measurement. 


Fig. 37. 


(a a 


Camera lucida drawing, x 666, of the. spicules of Desmacella jania. The enclosed 
scale shows 20 microns by twos. 


This species was described by Verrill, 1907, page 338, as Desmacella jania. His 
specimen was extensively filled with an alga of the genus Jania, but he records a 
spiculation of tylostyles and sigmas ; this is not only typical for Desmacella, but 
no other Bermuda sponge has this spiculation, hence the identification is made 
with considerable confidence. ) 

Verrill thought that the outstanding peculiarity was the symbiosis. In 1947 
it was clear that several species of sponge might live with Jania, probably each 
partner helping the other. It is conceivable that the alga, which is reported to 
shun bright light, may be victimizing the sponges in which it grows, but it is difficult 
to imagine how it could do so ; it appears rather that the sponge (which regularly 
completely encases the plant) was growing over the Thallophyte and making 
use of it. The 1947 specimens of Desmacella were not in any relationship to Jania 
at all. 

It is here suggested that the most distinctive feature of Desmacella jania, as 
compared to others within the genus, is the delicacy and small size of the 
spicules. Other West Indian Desmacellas, such as pumilo, have spicules as large 
as 17 by 1400 microns where the Bermuda species has megascleres only up to 
2 by 190. 


ane 
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Family AMPHILECTIDAE de Laubenfels. 


_ Sponges of this family are more typical of the order in which they are now put, 
the Poecilosclerina, than are the sponges of the family Ophlitaspongiidae. This 
is due to the fact that they are reticulate, not plumose, and they often do have 
spiny spicules. On the other hand, they are less typical of the order Poecilosclerina, 
and more like the sponges of other orders, in that they have no echinating spicules. 
Thus the conclusion is in order that the Amphilectidae, as well as the Ophlita- 
spongiidae, are transitional in nature and therefore intrinsically puzzling as to 
classification. . 

The Amphilectidae are fibro-reticulate in a way that is reminiscent of the sponges 
of the order Haplosclerina in general, and the family Haliclonidae in particular. 
The lack of conspicuous ectosomal specialization is a similar comparison, but unlike 
those of the Haplosclerina the spicules of Amphilectidae are consistently mon- 
actinellid, and they are often spiny. 


Genus Bremna Gray. 


Sponges of this genus are typical for the family Amphilectidae, in that they are 
more or less fibro-reticulate, their fibres are not echinated, and they possess 
monactinellid megascleres. The regular spiculation is styles, with microscleres 
that comprise both sigmas and raphides. It appears that the genus Biemna has 
not hitherto been recorded from the West Indian region. 


BIEMNA MICROSTYLA, sp. Nn. 

The syntype, which is a portion of the holotype, is deposited in the British 
Museum (Natural History), register number 1948.8.6.35. The residue of the 
holotype is preserved, at least temporarily, in the Museum of the Government 
Aquarium at Flatts, Bermuda. 

Date collected.—August 8, 1947. 

Locality.— Walsingham Pond, Bermuda. 

Abundance.—Common in the very restricted ecological placement of occurring 
on mangrove roots, under water. No specimens were found in any other situation, 
nor away from Walsingham Pond. 

Shape.—Encrusting to amorphous. 

Size.—14 to 25 mm. thick. Laterally the growths often encircled the mangrove — 
roots (which were 3 or 4 cm. in diameter) and extended lengthwise of the roots 
for at least 11 em. Further progress was usually stopped either by the surface 
of the water, or by collision with another sponge. | 

Colour.—Dull yellow to yellow-orange. This fades a little in alcohol, and the 
fluid is stained yellow. 

Consistency.—Spongy, but easily torn, somewhat slimy to the touch. 

Surface.—Uneven ; in places tuberculate. 

Oscules.—Scattered, often more than 6 cm. apart; diameters 4 to6mm. Each 
is usually at the summit of an elevation which is about 10 mm. in diameter and 
10 mm. high. . 

Pores.—Small and very contractile. The live sponges were covered with 
microscopic pits, but these promptly closed upon death of the sponge. 
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Ectosome anatomy.—There is a rather astonishing lack of dermal specialization, 
which is distinctly atypical for the order Poecilosclerina, except for this family 
(Amphilectidae) in which such a lack is commonplace. 

Endosome anatomy.—Microcavernous, somewhat bread-like. 

Skeleton.—The spicules are arranged in vaguely plumose tracts and in confusion 
around the many sub-spherical cavities. There is little or nothing to be called a 
reticulation at all. The megascleres (see fig. 38 A) are styles, with no tylostylote 
modification. The sizes are chiefly 4 by 240 to 4:5 by 280 microns. There are. 
two sorts of microscleres. First, there are commonplace sigmas (see fig. 38 B), 
5 to (commonly) 30 microns in chord measurement. Second, there are raphides. 
(see fig. 38 C) about 1/3 by 40 to 1/2 by 90 microns. 


Fig. 38. 
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Camera lucida drawing, 666, of the spicules of Biemna microstyla. A: illustrates an entire 
style, as typical of this.species, in ‘two instalments, the head end above, and all the rest of 
the megasclere below. The enclosed scale shows 20 microns by twos. 


This species poses some interesting problems as to genetic allocation. It is quite 
conceivable that a new genus should be erected for it. It agrees with Desmacella 
in structure so closely that I put it, at first, in that genus, but Desmacellas have 
tylostyles and lack raphides. The spiculation is exactly that of a Biemna and 
nothing else. On the other hand, with one exception, all the other Biemnas from 
varianta (the type) on down, possess huge megascleres, upwards of 30 by 1800: 
microns in measurement, and are other than plumose. 

That other sponge spiculation which is closest to that of Biemna microstyla 
is Biemna microxea Hentschel, 1911, page 316, from south-western Australia ;. 
but microxea has two sorts of raphides, a thin kind 70 microns long, and a short, 
thick sort 22 microns long, and its sigmas are only 15 microns in chord measurement. 
Furthermore, it has the reticulate structure typical of Biemna. It would not be 
at all astonishing if some future student of sponges were to erect a new genus for 
such sponges as microstyla from Bermuda. 


Order HALICHONDRINA Vosmaer. 


This order comprises odds and ends of sponge groups which are very difficult 
to allocate, and therefore no simple diagnosis of the order is possible It may be 
that this order will be deleted from future classifications. It is named for its 
family Halichondriidae, but the sponges of this particular family bear close 
resemblance to those of the family Adociidae, which is in the order Poecilosclerina. 
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‘The family that is most distinctive of the Halichondrina is Axinellidae ; it has 
been assumed that the other Halichondriidae have been derived by loss or 
simplification from the Axinellidae, but this is questionable. The sponges of the 
family Axinellidae are pronouncedly plumose, the most plumose of all sponges, © 
and thus they represent a continuation of the trend which was observed in the 
Ophlitaspongiidae of the order Poecilosclerina. 

Other than the family Axinellidae, the families that are put into the order 
Halichondrina often comprise the Hymeniacidonidae, which tend to resemble 
Desmacidonidae, and also the Semisuberitidae, which are exceedingly difficult to 
-allocate systematically. 


Family AXINELLIDAE Ridley and Dendy. 


Sponges of this family clearly stand between those which are most typical of 
the Poecilosclerina and those which are equally typical of the Hadromerina. The 
Axinellidae are characterized by having plumose columns of spicules ; often it 
seems that these structures are built of only echinating spicules, no spicules to be 
regarded as coring. Microscleres are rarely present. Some sponges which have 
been assigned here, however, are probably just lipochelous Ophlitaspongias. 
Axinellid type sponges which have microscleres are likely to be placed in the 
family Ophlitaspongiidae. 


Genus HoMAXINELLA Topsent. 


This genus was proposed in 1916 for sponges otherwise much like those of the 
typical genus, Axinella ; but, whereas that genus has both monactinal and 
diactinal spicules, in Homazxinella only monactinal spicules occur. The genus is 
very close to the earlier Stylissa of Hallmann (1914), but Stylissa was erected for 
sponges of a distinctive vase or cup shape, with much spongin present. Homaxinella 
species are typically ramose. Otherwise both are typical of the family, with plumose 
columns and surfaces that are hispid because they are beset with erect megascleres. 


HOMAXINELLA RUDIS (Verrill) de Laubenfels. (See Pl. I, fig. 4.) 

Specimens of rudis are represented by British Museum (Natural History) 
register number 1948.8.6.36. It appears that Verrill’s original specimens are 
hopelessly lost, therefore this British Museum specimen is hereby designated as 
neotype of the species rudis. A syntype is deposited, at least temporarily, in the 
Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected.—June 30, 1947, and many others. 

Locality Harrington Sound, Bermuda. 

Abundance.—Extremely common in Harrington Sound, and one small specimen 
was taken, August 8, 1947, in Walsingham Pond. 

Shape.—This sponge has been known locally as the “ red trees”. It is ramose, 
with branchings that are much like those of some deciduous trees; its small 
secondary processes or branchlets give the effect of twigs or clumps of leaves. 

Size.—Specimens certainly occur as tall as 30 cm., but most are under 30 cm. 
high. ‘The diameter of the trunk, and of the branches, is quite consistently 1 cm., 
with due allowance for the secondary protrusions. 
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Colour.—Bright, clear red. In alcohol this dissolves out almost immediately, 
turning the fluid bright orange-red, and leaving the sponge a brownish white. 
Some dry specimens of rudis retain the red colour, but others lose it. This latter 
circumstance is brought about by washing the specimen at time when it is not 
yet hardened, or by squeezing it—even handling it roughly. Some types of 
bacterial action may bleach a sponge. 

Consistency.—Slightly spongy, but easily torn or broken. This species does not 
give off any great quantity of slime when it dies or is injured. 

Surface.—Multiple compound. There are little lumps all over this species, 
each lump about 2 mm. in diameter and 2 mm. high. . These protrusions in turn 
are bristling with fibre ends, so that there is great resemblance to Higginsia and 
to Pseudaxinella rosacea. 

Oscules.—The inhalent and exhalent apertures are not readily distinguishable. 

Pores.—The entire surface is liberally provided with apertures of very irregular 
cross-section, but each about 1 mm. in diameter. They are some 3 mm. apart, 
centre to centre. Doubtless some of these apertures are inhalent and others are 
exhalent, or portions of each may be thus specialized. 


Fig. 39. 


Camera lucida drawing, x 444, of the spicule that occurs in Homazinella rudis. The enclosed scale 
shows 20 microns by twos. 


Ectosome anatomy.—The peculiar compound surface, like the top of a forest of ' 
leafless trees, has no ordinary dermis at all. 

Endosome anatomy.—The soft parts are diluted by numerous gross canals and 
cavities, and are further relegated to the interstices of the extensive skeleton. 

Skeleton.—There are many fibres, and enough connections exist between them, 
so that this may be spoken of as reticulate, but it is not typically reticulate. The 
fibres run lengthwise of the trunk or branches, and then curve out toward the 
surface. They contain one of the spongin compounds, or mixtures of compounds. 
They are both cored and profusely echinated in a plumose fashion by spicules 
all of the one sort. These are styles, as illustrated in fig. 39, Caen! 9 by 280 to 
11 by 320 microns. 

Verrill described this in 1907, page 297, or page 341, as Azinella rudis, the genus. 
Homazinella not having as yet been established. In the same article, on the 
preceding page, he described Axinella appressa. The abundant Bermuda species 
here described fits the descriptions of both rudis and appressa. Neither term has 
priority, and appressa is here dropped in synonymy as least appropriate. Verrill 
drew a distinction in that the one retained its red colour when dried, whereas 
the other did not. Experimentation in the summer of 1947 showed clearly that 
this was a matter of treatment. The same specimen could be broken in half, and ~ 
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one portion so handled that it complied with one of Verrill’s terms, and the other 
half so handled that it complied instead with the other. Neither of Verrill’s. 
descriptions is really adequate, but there are no other Bermuda sponges to fit, 
and this one does, therefore the identification is made quite. confidently. 

The genus Homazinella includes the following, which are listed with the genus 
in which. each was originally named. All, except informis, were transferred to 
Homazxinella by Topsent, chiefly in 1916, page 166, where he established the genus 
for supratumescens as type. 

1. Acinella aborescens Ridley and Dendy, 1886, page 479. Australian. 

. Axinella axifera Hentschel, 1912, page 404 (?). Australian. : 

. Axinella balfourensis Ridley and Dendy, 1886, page 480. Indian Ocean. 
. Alcyonium ensiferum Lamarck, 1815, page 163. Australian. 

. Homaxinella informis Burton, 1930, page 507. Arctic. 

. Axinella supratumescens ‘Topsent, 1907, page 74. Antarctic. 

. Aainella tenuidigitata Dendy, 1905, page 189. Indian Ocean. 
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Of these, numbers | and 7 have spicules about three times as thick, nine times. 
the mass of the spicules of rudis. From the others, rudis is separated by the 
peculiar compound surface, which resembles the surface of Higginsia. It must be 
noted, however, that some of the other species are not accompanied by detailed 
descriptions of their dermal architecture. 


Genus PSEUDAXINELLA Schmidt. 


Sponges which are typical of the family Axinellidae, and in particular sponges 
which could go in the genus Avzinella itself, regularly have a distinctive central 
portion, or axial specialization. The genus Pseudaxinella was erected for sponges 
otherwise like Axinella, but lacking this particular item. They have the plumose 
structure, erect dermal spicules, and the combination of monactinal and diactinal 
spicules, all as in Axinella. 


PSEUDAXINELLA ROSACEA (Verrill) de Laubenfels. 

Specimens of rosacea are represented by British Museum (Natural History) 
register number 1948.8.6.37. It appears that Verrill’s original specimens are 
hopelessly lost, therefore this British Museum specimen is hereby designated as 
neotype of the species rosacea. A syntype is deposited, at least temporarily, in 
the Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected.—June 30, 1937, and many others. 

Locality — Harrington Sound, also Walsingham Pond, Bermuda. 

Abundance.—Very common in the two localities specified, more common in the 
Pond than in the Sound. 

Shape.—Semi-encrusting, in layers which are often more than 5 cm. thick. 
Each crust is a densely packed mass of columns, much as in Acarnus, but no ramose 
tendency is present, even when environmental conditions most favour such a form. 

Size.—The thickness has already been cited. In Walsingham Pond some of 
the encrustations attain a diameter greater than 70 cm., but the majority are less 
than 30 cm. in diameter. 
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Colour.—The living sponge is scarlet, and this colour is maintained to an excep- 
tionally great extent in alcohol. It does fade, but only slowly, over a period of 
months. The fluid is tinged deep reddish orange. Dry specimens of rosacea 
remain red, although duller than in life. This hue, persists through many types 
of abuse, but actual maceration will leave a bare skeleton that is practically white. 

Consistency.—Somewhat spongy. This species is far more easily torn or cut 
than bath sponges are, yet the appearance of fibres and texture curiously suggests 
Spongia. An outstanding characteristic of rosacea is its slime production. The 
living sponge will give off a mucilaginous colloid if it is roughly handled. The 
dying sponge emits relatively immense quantities of this soft colloidal stuff, a 
total mass considerably exceeding the volume of the sponge itself. This slime, 
when examined under the microscope, is seen to contain scattered cells, but the 
bulk of it is a watery sol, non-cellular, but probably akin to protoplasm in many 
chemical respects. 

Surface.—Multiple compound. There are ascending columns, 1 to 2 mm. in 
diameter, perpendicular to the substrate and parallel to one another. They end 
(above) with pointed projections ; but each of these in turn is bristling with fibre 
ends. The summits of the conules end at a rather uniform level, so that super- 
ficially the surface is rather plush-like. With a lens it appears rather like peering 
down at a coniferous forest. This surface is exceedingly like the surface of 
Homaxinella rudis, and both are in this respect extremely like Higginsia coralloides. 

Oscules.—Rather conspicuous, about 4 to 7 mm. in diameter, and often with 
raised rims, 3 to 5 mm. high. In some specimens they are flush or level. The 
number of oscules is rather large, the distance from centre to centre being only 
2 or 3 cm. 

Pores.—The entire surface is beset with conspicuous openings of irregular, jagged 
outline ; these are the interstices between the ascending columns. Being rather 

obviously inhalent, they may be spoken of as the pores. 

_ _Ectosome anatomy.—The peculiar surface, already described, tends to preclude 
anything in the way of a cortex or dermis. 

Endosome anatomy.—The soft parts are more or less coated onto the tree-like 
ascending columns, or are interstitially located with regard to them. 

Skeleton.—The sponge, as already noted, is crowded with ascending columns, 
1 to 3 mm. apart. Each of these is cored with oxeas, and each bristles (or is 
echinated) with styles, points outward, and usually upward. Spicules of both 
sorts may be found scattered in the flesh between the columns. The columns 
definitely contain a spongin compound. The spicules are of two sorts. There 
are styles, usually curved (see fig. 40 A), 8 by 300 to 10 by 400 microns. Some 
are shorter and thicker, 11 by 235 microns. Then there are the coring oxeas (see 
fig. 40 B), 7 by 300 to 8 by 320 microns. 

Verrill described Axinella rosacea, in 1907, page 297 or 341, in connection with 
his account of Bermuda sponges, but did not quote Bermuda specimens, he merely 
cited it for the West Indian region in general. One might well argue that this 
Bermuda species is not his rosacea, but I hesitate to call it a new species. Verrill’s 
description is sufficiently vague that it can include this sponge, and there is quite 
a considerable likelihood that this is a correct identification. 
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In the West Indian region a fairly common sponge is Higginsia coralloides Higgin, 
1877, page 291. It is described as being the same bright red as Homaxinella rudis 
and Pseudaxinella rosacea. 1 am familiar with preserved specimens of Higginsia ; 
they have the peculiar twice-compound structure of the two Bermuda sponges. 
Therefore I started with the assumption that both these red sponges were 
Aigginsia. But Higginsia has not only both styles and oxeas, as in rosacea but 
unlike rudis, and has a ramose form as in rudis, but unlike rosacea, but it also has. 
microscleres of a definite sort: acanthomicroxeas. Specimens of rudis were 
searched exhaustively for the oxeas and the microscleres ; several cubic centimetres 
of spicules were boiled out with nitric acid from a whole range of specimens, and 
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Camera lucida drawing, 444, of the spicules of Pseudaxinella rosacea. B: one entire oxea 
is shown, but in two sections. The enclosed scale shows 20 microns by twos. 


hours of study were given to millions of spicules by microscope—but not a single 
microsclere, and not a single oxea appeared. Similarly rosacea was searched for 
the microscleres, almost as exhaustively, and equally in vain—and while rosacea 
has two of the three spicule sorts that are typical of Higginsia, it does not have 
the ramose form. Briefly it was thought that rudis and rosacea might be con- 
specific, but studies showed their cells to be quite different. Their pigments 
behave differently in alcohol, and in regard to oxidation. The immense slime 
production of rosacea has no parallel in rudis. Both rudis and rosacea, however, 
are distinct from other species in their cay genera by their Higginsia- ike 
surface structures. 


Family HY MENTACIDONIDAE de Laubenfels. 


The sponges of this family have a .spiculation which is much like that of the 
Axinellidae, and they were formerly included within that family. They were 
then separated because, unlike Azinella, they have a fleshy dermis. ‘The signifi- 
cance of this latter characteristic is here further emphasized. As a result of this 
organic dermis the Hymeniacidonidae resemble keratose sponges, or better yet, 


they greatly resemble those’ sponges of the Desmacidonidae (exemplified by 


Lotrochota) which have conulose, fleshy ectosomes. The Hymeniacidonidae may 

not only be removed from the family Axinellidae—they may in the future even be 

taken from the order Halichondrina. They may be put with the above-mentioned 

fraction of the present family Desmacidonidae, as a family with a new content, 

although it may still be called Hymeniacidonidae. No decision is here rendered 

as to what order should then receive this family, nor is its extent as yet determined. 
N2 
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Genus HyMENIACIDON Bowerbank. 


The sponges of this genus have a spiculation of only styles. These are arranged 
in a somewhat plumose pattern, in tracts and surface brushes, but—as characteristic 
of the family—there is a distinct protoplasmic dermis. Such a sponge looks very 
different from the Higginsia type. It is characteristic of Hymeniacidon to Lok 
spicules of greatly varying sizes. 


HYMENIACIDON HELIOPHILA (Parker) de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.38. 

Date collected.—July 8, 1947. 

Locality.— Walsingham Pond, Bermuda. 

Abundance.—Rare in Bermuda. 

Shape.—The Bermuda specimens consist of four, elongate, conical processes, 
typical of the species. 

Size.—These processes ranged from 25 to 35 mm. in length; in diameter they 
taper from 5 mm. at the base to 1 mm. at the apex. 

Colour.—The living sponge was orange; this colour has faded in alcohol to a 
pale drab. 

Consistency.—Soft and flesh-like. 

Surface.—Tuberculate to conulose, with protrusions only about 300 microns 
high, and almost 1 mm. apart. 


Fig. 41. 
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Camera lucida drawing, x 666, of a representative spicule of Hymeniacidon heliophila from Bermuda. 
The figure illustrates the head end and the pointed end of the same spicule, but does not 
picture the long mid-portion of the spicule. The enclosed scale shows 20 microns by twos. 


Oscules.—Not evident. 

Pores.—Not evident. 

Ectosome anatomy.—There is a skin or protoplasmic dermis over the entire 
surface. This is now imperforate, but doubtless contains the pores, ee are 
known to be closeable. It is less than 40 microns thick. 

Endosome anatomy.—Microcavernous, almost bréad-like. Many of the cavities 
are some 150 microns in diameter. 

Skeleton.—There are vague plumose tracts, but ae have so indefinite an outline 
that measurement of diameter would be futile. The bulk of the spicules are 
merely strewn in confusion, but they are confined to the partitions which lie between 
the cavities which are abundantly present. The spicules are styles, as figured, 
of great variation in size within the same specimen. Most of them would probably 
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come between 4 by 340 and 6 by 680 microns, but some are at least as small as 
1 by 210 microns. 

This was described as Stylotella heliophila by Parker, 1910, page 2. It is 
abundant along the east coast of North America, from Florida to Virginia, and 
de Laubenfels, 1936, page 138, records it from the Dry Tortugas, north of 
Cuba, thus placing it in the West Indian fauna. 


Order HADROMERINA Topsent. 


This is a rather well-marked order, in distinct contrast to the preceding two 
orders, which may require extensive revision (especially the Halichondrina may 
need to be split). The Hadromerina, with only a few exceptions, have radiate 
architecture, and therefore are, in this respect, somewhat like the two following 
orders, the Epipolasida and Choristida. Many of the Hadromerina have astrose 
microscleres, and in this, too, they resemble the ensuing orders. In general, the 
few that are not conspicuously radiate have the astrose microscleres or vice versa. 
But none of the Hadromerina have the tetraxon spicules of the Choristida and 
Carnosa, and many of them have a principal spiculation of tylostyles ; in this 
latter respect they show decided relationship to the Poecilosclerina and considerable 
divergence from the remaining orders of Demospongiae. In fact, there are some 
genera—especially Artemisina—which are exceedingly difficult to allocate as 
between Poecilosclerina and Hadromerina. 


Family CHOANITIDAE de Laubenfels. 


Sponges of this family are quite typical of the order Hadromerina. The spicules 
are chiefly. tylostyles, more or less radiately arranged, the body is compact, and 
the surface is armoured by dense masses of monactinal spicules, points outward. 
Furthermore, the Choanitidae have spirasters as microscleres. 


Genus SPHECIOSPONGIA Marshall. 


Sponges of this genus are first of all characterized by having dermal spicules 
as large as those of the interior, and second, by having peculiar surface openings. 
In addition to obvious and rather typical pores, and obvious, rather typical oscules, 
there are usually present openings of intermediate size, difficult to classify as 
between pores and oscules. At the Dry Tortugas I tested them under water, using 
the diving-helmet, by holding a glass tube over the opening. Suspended particles 
in this tube moved neither in nor out. I found one specimen with none of the 
obvious oscules. In Bermuda I found several specimens with few or none of 
the ambiguous openings—such specimens would be very difficult to place, system- 
atically, but for their occurrence with numerous surrounding specimens that were 
obviously conspecific and typical. This serves to call attention to the danger 
and difficulty of identifications based upon a single specimen—a difficulty of 
supreme importance to the museum worker. 

Another very distinctive trait of the genus Spheciospongia is its rapid growth 
and large size. The matter of rapid growth would be beyond the reach of the 
purely museum specialist, and is difficult to be sure of even for the field worker— 
but areas have been denuded of Spheciospongia '(‘‘ loggerheads ”’) near Key West, 
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Florida, and the sponges used for fertilizer. A few years later each area was. 
again’ full of enormous specimens. Those of this genus in the vicinity of Cuba 
and Florida are the largest sponges of the world. The largest sponges that I have 
been able to find on the Pacific Coast of North America belong to this genus. 
(Spheciospongia confederata de Laubenfels) and the Bermuda Spheciospongias 
are the largest sponges there. . 


SPHECIOSPONGIA OTHELLA, sp. n. (See Pl. II, fig. 6.) 

The syntype is deposited in the British Museum (Natural History), register 
number 1948.8.6.39. Other Bermuda type material is deposited, at least 
temporarily, in the Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected.—July 28, 1947, and many others. 

Locality — Harrington Sound, Walsingham Pond, and the coasts of the Bermudas. 
in general. 

Abundance.—Extremely common. 

Shape.—Massive, often with a rather circular base ; its vertical form is profoundly 
modified by its oscular structure, to be described below. 

Size.—Individuals were studied in the field, with diving-helmet, that were 
considerably over 70 cm. high and 70 cm. in diameter, computed mass nearly 
200 kilograms, well over 400 pounds, wet weight. The dry weight is only about 
20 to 25 per cent.. of this. 

It is much’more difficult to find small specimens of this sponge than to find ° 
large ones, and to study the growth forms—the indications of rapid growth are 
many. The smallest specimen of Spheciospongia found in the summer of 1947 
was on August 4, 1947, at Cock Rock, on the north shore of the Bermudas. It 
was 12 mm. in diameter, 30 mm. high and had eleven obvious openings each 2 mm. 
in diameter, as well as a number of microscopic but obvious pores. 

Colour.—The living sponge is chiefly black, but there are occasional small 
patches of lemon yellow, especially in the oscular linings. These patches are 
streaked, and do not have sharp boundaries, but instead blend through greenish 
into black. It is often about 2 or 3 mm. from the clear, bright yellow to the nearly 
inky black. Some yellow patches are as large as 1 by 7 cm.’ There are also 
yellowish patches scattered here and there throughout the interior of the sponge, 
visible only if it is cut to pieces. The blackish colour fades only slightly in alcohol, 
and the fluid is only a little discoloured ; evidently the melanic pigment is relatively 
insoluble. Dry specimens sometimes appear grey, as a result of the reflection of 
light from the many spicules at the extreme surface. 

Consistency.—Flesh-like, not hard and woody. 

Surface-—Undulating, but otherwise smooth. 

Oscules.—Many are 1 cm. in diameter, as typical for the genus, but most Bermuda 
Spheciospongias have some much larger, even enormous vents. I found in 
Walsingham Pond in July 1947 one which had a vent so large that I could put the 
anterior portion of my foot into it—it was at least 8 cm. in diameter, perhaps 
10 cm. When I did put my toes into it, it began instantly to close, and in 
approximately 30 seconds closed to a long slit, much as a wide-open, human mouth 
might be closed. When one puts a finger into one of the smaller oscules, the 
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sponge flesh closes on it like a fairly muscular human hand-grasp. The realization 
that the sponge is a living animal then comes in a manner which may be called 
uncanny. | 

The oscular currents are very vigorous, much more so than I found to be the 
case with either the Florida or the California Spheciospongias. A specimen of 
othella, about twice the size of a human head, was placed in a tub of seawater. The 
surface of the water in the container thereupon was rendered convex, a bulge 
approximately 10 mm. in height occurred directly over a cluster of large oscules. 
This “ head’ was maintained for about an hour, at the end of which time the 
sponge was removed for preservation. This specimen was first hardened in 
formalin, then dried and left at the Bermuda Biological Station for research. It 
is illustrated in Pl. IT, fig. 6. 

The oscules of othella are also distinguished by their raised collars. Even in 
fairly strong currents, where sponges in general have no oscular collars, this species 
usually has a raised rim about the vent, a rim at least 1 cm. high. In relatively 
calm water, oscular chimneys were found as high as 5 cm., and a little over 1 cm. 
in diameter ; their walls were 1 mm. thick. This also is illustrated in PI. I, fig. 6. 
‘The grouping of oscules that characterizes the upper surface of Spheciospongia 
vesparia is not here in evidence ; instead the vents are well: scattered over the 
sponge surface, say 3 to 10 cm. apart. 

Pores.—Not only the oscules, but also the pores are susceptible to very rapid 
closing. In preserved specimens they are all consistently closed. As in other 
Sphecrospongias, however, there occur the curious intermediate openings, about 
1 mm. in diameter, more than ten times as large as the openings that are certainly 
pores, only a tenth as large as the smaller oscules. In Bermuda, as near Cuba, 
no current could be detected going in or coming out of these apertures. In only 
a few Bermuda specimens were they grouped in sieves, as they commonly are in 
the Florida and California species. 

Ectosome anatomy.—The fleshy, very contractile dermis is between 50 and 100 
microns thick, and is well filled with cells which are packed with pigment granules. 
Unlike most members of the order Hadromerina, the dermis of this species 
contains many tangential spicules, not the phalanx of erect spicules, pointed out- 
wards, which might be expected. Of course, a dermis packed densely with spicules 
could scarcely be as muscular (or rather, as contractile) as is this outstandingly 
contractile, muscular ectosome of othella. 

Endosome anatomy.—Cavernous, almost bread-like. There are sub-spherical 
cavities of all sizes from 10 microns up to at least 10 mm., and a little larger if 
one includes the oscular cloacas. 

Skeleton.—The spicules are mostly fitted into the areas between the cavities, 
but a few meandering fascicular tracts occur. These are upwards of 150 microns 
in diameter and contain about 100 spicules per cross-section. They also contain 
considerable organic material, but no pigment cells. The spicules are of two 
sorts. The megascleres are tylostyles (see fig. 42 A), 6 by 280 to 9 by 300 microns. 
The microscleres are spirasters (see fig. 42 B), 0-5 by 10 microns. They are rare, 
and so very small that it is extremely difficult to find them. 

Lamarck, 1814, page 78, described Alcyonium vesparium, which was made type 
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of the genus Spheciospongia by Marshall, 1892, page 32. This, the largest sponge 
in the world, is abundant throughout the West Indian region (it is locally called 
“* Loggerhead ” sponge) and on up the Atlantic Coast of North America, at least 
to North Carolina (see de Laubenfels, 1947, page 34). A second species for the 
genus was found on the Pacific Coast of North America, where it is the most 
massive sponge that occurs; this was named Spheciospongia confederata by de 
Laubenfels, 1930, page 26. The Bermudan othella is the third for the genus. 

The species othella is distinctive in colour, being black with lemon-yellow 
patches. Vesparia is very dark as to exterior, but it is a purplish black, and the 
dried sponge is brown ; the interior is drab, whereas the endosome of othella is as 
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Camera lucida drawing, 666, of the spicules of Spheciospongia othella. A: represents an entire 
megasclere in two portions. B: illustrates the spiraster. The enclosed scale shows 20 microns 
by twos. 


dark (or nearly so) as the exterior. Conferata is lead-grey outside and ochre inside, 
turning brown when dying. Othella is perhaps most distinctive for its frequently 
enormous vents. These are less than 1 cm. in the other species, with little or no 
oscular collars ; othella has a fleshier consistency, where the other two are stiffer, 
more wood-like. This is associated with the exceptionally great muscular power 
of the Bermuda species. Vesparia has megascleres 9 by 445 to 10 by 600 microns ; 
this is much larger than the size of the megascleres of othella. The microscleres 
of vesparia are also larger, being 12 to 15 microns long, and 2 to 4 microns thick. 

Verrill, 1907, page 342 (or 298), identified this sponge as Heterocliona, gen. nov., 
cribraria Schmidt. Verrill’s genus, of course, falls: in synonymy to Spheciospongia. 
Papillina cribraria Schmidt is a synonym of vesparia. 


Genus SPIRASTRELLA Schmidt. 


Sponges of this genus have a spiculation of tylostyles and spirasters, which 
reads much like the spiculation of Spheciospongia. But Spirastrella species are 
usually thin crusts, rather than large, coarse specimens. Their spirasters are also 
very large and coarse, whereas those of the preceding genus are small and fine. 


SPIRASTRELLA COCCINEA (Duchassaing and Michelotti) de Laubenfels. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.40. 

Date collected.—August 9, 1947, and many others. 

Locality—Whalebone Bay, also Harrington Sound and the coasts of Bermuda 
in general. It occurs as a crust on rocks, shells, and such relatively solid objects, 


- 
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but is regularly confined to under-surfaces and other places where it is effectively 
hidden. 

Abundance.—There are probably more numerous separate individuals or colonies 
of this species than there are of any other species of Porifera in Bermudan waters. 
Yet the aggregate total volume of all the Spirastrellas is probably less than one of 
the smaller specimens of Spheciospongia. Specimens as small and thin as postage 
stamps are the rule. 

Shape.—Encrusting. 

Size.—Usually under 1 mm. thick, and extending laterally less than 3 cm., even 
less than 1 cm. A very few specimens cover areas as large as the palm of the hand. 

Colour.—Dull red, varying to dark reddish brown. 

Consistency.—Mediocre. 

Surface.—Smooth. 


Fig: 43. 
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Camera lucida drawing, x666, of the spicules of Spirastrella coccinea. A: illustrates an entire 
megasclere (tylostyle) but in two instalments. B: illustrates typical spiraster shapes and 
sizes. The enclosed scale shows 20 microns by twos. 


Oscules.—Microscopic and contractile. 

Pores.—Microscopic and contractile. This is to say that specimens are regularly 
lipostomous. 

Ectosome anatomy.—No specialization can be discerned, nor should it be expected 
in view of the extreme thinness of this species. 

Endosome anatomy.—Dense. 

Skeleton.—The megascleres are tylostyles (see fig. 43 A) usually 7 by 380 microns. 
They are strewn in confusion, or perhaps more have points toward the surface of 
the sponge than those which point in any other direction. The microscleres are 
spirasters (see fig. 43 B) about 33 microns long. These are conspicuous, so 
abundant that they practically interlock. 

This was described as Thalysias coccinea by Duchassaing and Michelotti, 1864, 
page 89, from the Caribbean region. It is very common throughout the West 
Indies. It is clearly the sponge which Verrill, 1907, page 300 (or 344), described as 
Spirastrella mollis, sp. n. 
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SPIRASTRELLA DIORYSSA, sp. n. 


The syntype, which is a portion of the holotype, is represented by British Museum 
(Natural History) register number 1948.8.6.41. The residue of the holotype is 
deposited, at least temporarily, in the Museum of the Government Aquarium at 
Flatts, Bermuda. 

Date collected.—August 15, 1947. oe 

Locality—Lobster pond at Biological Station, St. George’s West, Bermuda. — 

Abundance.—Rather uncommon. 

Shape.—Encrusting, but with convexities 1 mm. high, 8 to 10 mm. wide. It 
also penetrates into cavities of the limestone on which it grows, to a depth of at 
least 3 cm. ? 

Size.—Larger specimens are still not as much as 10 em. in diameter. The 
thickness may reach 3 mm. at the low protrusions, but is usually under 1 mm. 


Fig. 44. 


————S 
Re ee 


Qa aes B 


Camera lucida drawing, x 666, of the spicules of Spirastrella dioryssa. A and B illustrate two 
representative heads and one pointed end of the megascleres ; no mid-portions are shown, 
therefore not the whole spicule is illustrated. The figures at C illustrate the two sorts of 
spiraster. The enclosed scale shows 20 microns by twos. 


Colour.—The living sponge is brilliant orange. This fades somewhat in alcohol. 

Consistency.—Mediocre. 

Surface.—Smooth. 

Oscules.—Minute and contractile. 

Pores.—Microscopic and contractile. 

Ectosome anatomy.—There is a dermal crust of spirasters. 

Endosome anatomy.—Dense, almost imperforate. 

Skeleton.—The megascleres are tylostyles (see fig. 4 A), 4 by 265 to 5 by 325 
microns. These are remarkable spicules, because the heads have more than twice 
the diameter of the shaft, even in the mature megascleres. In most sponges that 
have tylostyles this proportion is seldom realized, and these only in juvenile 
spicules. In Spirastrella dioryssa the spicule heads are spherical and 12 microns 
in diameter. The microscleres are spirasters (see fig. 44 C) of two sorts. There 
are larger ones 24 microns long and smaller ones 12 microns long. 

Spirastrella species with two size ranges of microscleres are rare. Ridley and 
Dendy described one from Australia, 1886, page 490, as S. massa. Its megascleres 
lacked the extra large heads of the spicules of dioryssa, were 6 by 450 microns, 
which is notably larger. Its microscleres were 44 and 9 microns, respectively, as 
contrasted with the 24 and 12 of dioryssa. 
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Actually, the chief problem which we here encounter is one of generic, or even 
family allocation. The family Clionidae is established for sponges that excavate 
galleries into limestone, and reside therein. ‘Their megascleres are usually tylostyles, 
and they often have spirasters as microscleres. 

This Bermuda sponge, Spirastrella (?) dioryssa (from the Greek “ to dig through ’’), 
certainly lives inside limestone. The basic formation in Bermuda is an aeolian 
limestone, built out of compacted and cemented grains of what was once wind-blown 
coral sand. Such rock has natural interstices which are actually hollow (air or 
water filled). Potential hollows are yet more abundant. The solvent action of 
carbonic acid-containing rainwater can readily enlarge these potentialities, and 
as a result there are many caves in Bermuda, some as large as railway stations. 
Perhaps the rock on which my specimens of dioryssa grew had been already eroded 
by inanimate means. Perhaps the sponge merely penetrated pre-existing spaces. 
Even if this is the most that can be said, it is still phenomenal. Few sponges can 
set up such a transportation system—canals and whatever—so that they can 
successfully live several centimetres below the surface, in rock cavities scarcely 
1 mm. in diameter, yet this sponge does so! 

If dioryssa made its own way, that is to say, if it is truly “ boring ”’, then it is a 
Cliona, not a Spirastrella at all. No Cliona yet described has these large spirasters, 
however, nor tylostyles with such large heads. So the Bermuda sponge is a new 
species, no matter which genus receives it. Obviously more information about 
dioryssa is greatly to be desired. 


Subfamily 7zmzrnaz Topsent. 


The sponges of this subfamily are typical of the family Choanitidae, in that they 
have, as a rule, tylostyles as megascleres, together with astrose microscleres and 
more or less radiate architecture. They are set off by the fact that their micro- 
scleres are neither elongate spirasters nor streptasters, as in the principal portion 
of the family, but instead are euasters. That is to say, these microscleres have a 
one-dimensional axis or focal point from which many rays extend. 


Genus Haticometes Topsent. 


Sponges of this genus are quite typical of the family and subfamily, but peculiar 
in that plain styles are sometimes included in the megasclere spiculation, while 
the microscleres include at least two kinds of euasters. There is also a profound 
tendency toward elaborate shape in the species of Halicometes. 


HALICOMETES STELLATA (Schmidt) Topsent. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.42. 

Date collected.—July 2, 1947. 

Locality. North shore of Bermuda, St. George’s Parish. 

Abundance.—One small specimen was found under a stone, just below tide-marks. 

Shape.—Amorphous. 

Size.—Not quite 1 mm. thick and covering an area of 5 by 5 mm. 


Colour.—Drab in life and in preservation. 
02 
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Consistency.—Mediocre. 

Surface.—Even. 

Ectosome anatomy.—No specialization is evident. 

Endosome anatomy.—Compact. 

Skeleton.—The spicules show no trace of orderly arrangement, probably because 
the specimen has never grown in the manner of which it is capable were it to grow 
in deeper water. The megascleres are tylostyles (see fig. 45 A) about 7 by 600 
microns, the head 8 microns in diameter, 9 microns long. Some have the tylote 
enlargement not quite at the end (see fig. 45 B). The microscleres are of at least 
two sorts, both extremely abundant. There are oxyspherasters (see fig. 45 C), 


12 to 18 microns in diameter, and microspined chiasters (see fig. 45D), 8 to 9 microns 
in diameter. 


Fig. 45. 
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Camera lucida drawing, x 666, of the spicules of Halicometes stellata. A: the head end of a normal 
megasclere. B: the head end of an abnormal megasclere—also the pointed end of a mega- 
sclere is figured. Not the whole of any tylostyle is shown, just the terminations, mid-portion 
omitted: C: the range of variation of the oxyspherasters is shown. D: the chiasters. The 
enclosed scale shows 20 microns by twos. 


Schmidt, in 1870, page 49, described a West Indian sponge as Cometella stellata. 
It was characterized by peculiar shape, a lobate head and a long, comet-like tail. 
Its spicules were described as tylostyles, oxyeuasters, and what seem to be 
microspined chiasters. Schmidt’s descriptions were, as so often the case, tantaliz- 
ingly brief. This was put in Halicometes (was it for Halley’s comet ?) in 1898, 
page 112, by Topsent. The Bermuda sponge now under discussion fits well enough 
to the brief description. Almost certainly it fails to show its characteristic form 
only because it is so small and undeveloped. 


Family SUBERITIDAE Schmidt. 


Sponges of this family are typical of the order Hadromerina; they have a 
principal spiculation of tylostyles, radially arranged—or at least those of the outer 
layers are arranged in dense stands, points toward the surface. There are, how- 
ever, no microscleres at all. Yet in Suberitid sponges one often finds ascending 
tracts of a semi-plumose structure, so that one notes significant resemblance to the 
Axinellidae and other Halichondrine sponges. Some Suberitids are very abundant. 
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Genus Aaptos Grey. 


Sponges of this genus look like Suberites in particular, as well as resembling Suberic 
tidae in general. They have very similar architecture, sub-radiate, with a dermal 
layer of densely crowded, erect monaxon spicules, points outward. These dermal 
spicules are even, as in Suberites, a small size range than are the megascleres of the 
interior. Yet Aaptos is quite peculiar, almost to be left out of the family, because 
its spicules are not tylostyles but styles. As a matter of fact, instead of having 
an enlargement at the blunt end of the monactinal spicule, in Aaptos the heads, 
and a portion of the shaft of the spicule near the head, are a little thinner than 
the main portion of the shaft. 


AAPTOS BERGMANNI, sp. n. 


The syntype of this species is represented by British Museum (Natural History) 
register number 1948.8.6.43. The rest of the holotype is deposited, at least 
temporarily, in the Museum of the Government Aquarium at Flatts, Bermuda. 
The species is named in honour of the distinguished scientist, Professor Werner 
Bergmann of Yale University. 

Date collected.—July 28, 1947, and many others. 

Localities—Harrington Sound, Walsingham Pond, and a few other places in 
the Bermudas. 

Abundance.—This species is extremely abundant in some portions of Harrington 
Sound. The few specimens which were found in Walsingham Pond were small. 
Small specimens are likely to be overlooked, and large ones too—for that matter— 
because they so nicely simulate the appearance of the country rock. 

Shape.—Massive, often sub-spherical, or an irregular aggregation of roughly 
sub-spherical components. 

Size.—Specimens 10 to 16 cm. high and 9 to 14 cm. in diameter are common. 

Colour.—The interior is consistently a rich yellow, about the appearance of 
cheese. In some specimens the exterior is also of the same beautiful golden hue, 
but this is exceptional. As a rule the exterior is dark and dull brown—even dark 
brown ; not uniform, but darker the more the sponge has been exposed to the 
light. In alcohol the interior bleaches to a pale whitish yellow, and the darker 
brown portion reveals purplish tinges. It is quite likely that the brown colour is 
the result of superimposing a lavender or violet pigment over the carotenoids. The 
alcohol is tinted green, akin to the colour of chlorophyll, which is likely also to be 
present, rendering the carotenoid more yellow than red. Dried specimens turn 
almost black. 

Consistency.—This sponge represents to a great extent the texture as well as 
the appearance of cheese ; it cuts and feels like cheese. 

Surface.-—Even, or minutely roughened. 

Oscules.—Very small and contractile. Canals can be traced through the body, 
right up to the surface, there over | mm. in diameter, and they must have terminated 
at oscules at least that large ; but the endings are always tightly closed, due to 
handling of the specimen, even before the closure that is due to dying. 

Pores.—Microscopic and very contractile. 


102 M. W. DE LAUBENFEILS : 


Ectosome anatomy.—There is a skin, some 500 microns thick, characterized chiefly 
by its rich content of pigment cells and uniformly dense structure. It furthermore 
contains a palisade layer—a stand of smaller megascleres, all perpendicular to the 
surface, points out, but not protruding beyond the protoplasmic or organic surface. 

Endosome anatomy.—The flesh is very compact. The few optically evident 
canals which ramify through it are round in cross-section, and their appearance 
in a cut surface bears out nicely the resemblance to an appetizing diet of delicious 
cheese. There is an unusually high ratio of flesh to spicule by volume. 

Skeleton.—The spicules of Aaptos bergmanni are styles as described in the generic 
discussion. The smaller ones (see fig. 46 E) as typical of the ectosome, already 
discussed, are often about 2-5 by 150 microns. The Suberitidae are known to be 
related to the Tethyidae ; these latter often have megascleres, the type known as 
strongyloxea.. Some of the spicules of bergmanni are strongyloxeas. One end 
(see fig. 46 A) is always rounded, but only after it has already tapered somewhat 


Fig. 46. 
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Camera lucida drawing, x 666, of spicules of Aaptos bergmanni. Only terminations are shown, not 
any midportions, except in E. A: shows a typical blunt end. D: a typical sharp end. 
E: an entire typical ectosomal spicule. B and C: illustrate abnormal terminations. 
The enclosed scale shows 20 microns by twos. 


towards a point. The other end may come (and this may be taken as the original 
condition) to a very sharp point (see fig. 46 D). Comment has already been made 
in connection with Strongylophora amphioxa as to the formation of a pseudo oxeote 
point, by addition of successive small increments out beyond a primitively blunt 
end. The reverse is possible. An intrinsically sharp point may be blunted by a 
series of stair-step-like shortenings. Fig. 46 B illustrates how this may be accom- 
plished in the present species, and fig. 46 C shows the sharper end of a spicule 
that had a normal, blunter end opposed. 

The type of the genus Aaptos is Aaptos aaptos, described by Schmidt, 1864, 
page 33, from the Mediterranean. That is a yellow sponge, but its megascleres 
range up to 45 by 1800 microns, where those of bergmanni are, at most, about 
15 by 950 microns. Wilson, 1902, page 388, identified a West Indian sponge as 
Aaptos aaptos. The Bermuda species is peculiar for the strongyloxeote modifica- 
tion of many of its spicules and their small size. 
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Genus TERPIoSs Duchassaing and Michelotti. 


This genus comprises Suberitid sponges with a spiculation of tylostyles which 
are of the same size range in the ectosome as in the endosome. The heads of these 
spicules are exceptionally distinct as compared to the situation in other Suberitidae, 
often being nearly or quite double the diameter of the spicule shaft. In young 
sponges these spicules often have a head that is distinctly lobate, with indications 
that the lateral growth of this head has (primitively) arisen by polyactinal 
branching. It may represent a pentactinal spicule with four clads in one plane, 
and a very long rhabd. 


TERPIOS FUGAX Duchassaing and Michelotti. (See Pl. II, fig. 7.) 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History), register number 1948.8.6.44. 

Date collected.—June 30, 1947, and many others. 

Locality. Harrington Sound, Walsingham Pond, Mangrove Lake and the waters 
about the Bermudas in general. This species was even growing voluntarily— 
that is to say, self sown—in the exhibition tanks of the Government Aquarium at 
Flatts. The Aquarium specimens did not exhibit any perceptible difference from 
the specimens which grew under more natural conditions. Mangrove Lake was 
found to be somewhat brackish ; this species must therefore be added to the 
small list of sponges that can endure brackish water. It was the only species to 
invade brackish water in the Bermudas. 

Shape.—Small specimens are mere crusts. Larger specimens are smoothly 
rounded, lobate, at times somewhat like inverted grape-clusters, because many 
processes are sub-spherical, and about the size of grapes. 

Size.—Specimens reach a size of at least 20 cm. high, 15 cm.in diameter. The 
larger ones are all from relatively calm water—in strong currents this species appears 
to be only very thin crusts at most. 

Colour.—This is basically a rich golden ‘yellow; the interior always has this 
hue, and sometimes more or less of the exterior does also. Much more often, 
however, the surface is blue, not dingy, but a clear, rich blue. Occasionally the 
blue appears to be restricted to those portions of the sponge which were most 
exposed to the light, whereas shaded portions of the surface exhibit the yellow 
colour. In the field one practically never sees any exposure of the yellow colour, 
only the blue, and even buried or covered portions may be blue. The blue pigment 
is water-insoluble, alcohol-insoluble, although over a period of many months in 
spirit it may fade to some extent. The alcohol is at once coloured orange, 
apparently from the endosome pigment, because the endosome is promptly bleached. 
The yellow colour is also bleached, and the blue colour somewhat paler, in dry 
specimens. 

Consistency.—Much like cheese. 

Surface.—Mostly smooth—the occasional irregularity may be accidental. 

Oscules.—Microscopic, not readily distinguishable from the inhalent openings. 


Specimens are consistently lipostomous. 


Pores.—Microscopic and very contractile, usually not to be found even with the 
microscope. 
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Ectosome anatomy.—The spicules near the surface are erect, points out, in little 
sub-radiate clusters or bouquets. There is no sharp demarcation, however, 
between an ectosomal as compared to an endosomal region, and the spicules are 
the same throughout the sponge. 

Endosome anatomy.—This species, like Aaptos but even more so, can be locally 
recognized by its great resemblance to cheese. There is a relatively large amount 
of fleshy material present, but well impregnated with spicules. 

Skeleton.—There are no microscleres, and only one type of megasclere, although 
its head undergoes modifications. This spicule is a tylostyle, 2 by 160 to 3 by 400 
microns in size. The head consistently is wider and shorter than is true of the 
tylostyles of many other sponges, such as—for example—the above-mentioned 
Desmacella. In younger sponges some of the spicules have the tetracephaline 
structure that was described in the discussion of the genus T'erpios. 


Fig. 47. 
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Camera lucida drawing, x 666, of the spicule of Terpios fugax. The enclosed scale shows 
20 microns by twos. 


The genus T'erpios has been recognized as containing Suberitid sponges, in many 
ways very characteristic of the family, but distinguished by their possession of a 
peculiar type of megasclere. In those specimens which have long been recognized 
as typical, in and among the ordinary tylostyles, there occur spicules with remark- 
able heads. The pointed end of these spicules is commonplace, but at the opposite 
‘end there are four lateral, rounded protrusions at right angles to each other and to 
the shaft. It is significant that the axial canal of the spicule branches, going out 
at right angles to the shaft, into each of these short, lateral rays. Thus the spicule 
is a pentactine, very suggestive of some of the pentactinellid spicules which 
characterize the class Hyalospongiae. Similar pentactinellid spicules occur in the 
genus Acarnus of the family Tedaniidae, which (like T'erpios) is Demospongiae. 
This spicule type, while not predominating, is full of philosophical significance, 
and properly lends interest to the genus T'erpvos. 

Topsent, in 1896, page 126, erected the genus Laxosuberites for sponges otherwise 
like Suberites, but with an ectosomal spiculation of tylostyles of the same size as 
those of the endosome. They are erect, points out, as in Suberites, but rather 
more often stand in clusters or bouquets, each cluster slightly radiate, where in 
Suberites the spicules are more uniformly perpendicular and parallel to each other. 
This description also applies to Terpios ; the only distinction between that diagnosis 
and Laxosuberites has been the tetracephalic megascleres of T'erpios. 

Studies at Bermuda in 1947 proved to be revealing. Not just a few long- 
preserved specimens were available but hundreds of living specimens, in the field. 
Clearly a single species ocurred, of which the young, thin forms corresponded to. 
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Terpios, and the older ones to the diagnosis of Laxosuberites. Every conceivable 
sort of intermediate existed, close together, in the same environment. It may be 
called in passing, that this is surer proof of the conspecificity of two end forms that 
are greatly different than if the genuine or presumed intermediates come from 
widely scattered localities. A quite different sponge might be caused to seem 
intermediate by environmental agencies, or by its method of preservation, or one 
of the end forms might similarly be caused deceptively to seem intermediate. 
No such pitfall obtained in the Bermuda series. 

This series of specimens at Bermuda offers ample grounds for dropping the 
name Laxosuberites in synonymy to the earlier Terpios, but this is not all that is 
involved in the matter of nomenclature. Topsent established Lawosuberites for 
Suberites rugosus as described by Schmidt, 1868, page 15; if Topsent’s original 
does not make the type designation definite, it may be observed that Burton, 1930, 
page 674, clearly establishes rugosus as genotype; but Topsent, 1938, page 20, 
redescribes Schmidt’s original material, which consisted of 28 specimens of 
Suberites rugosus. 'Topsent discloses that they are not at all what Schmidt des- 
cribed, and therefore are not like the diagnosis of Laxosuberites, instead, they all 
fall to the genus Hymeniacidon, species sanguinea. One interpretation of the 
International Rules of Zoological Nomenclature would therefore hold that 
Laxosuberites would fall in synonymy to Hymeniacidon. Whether it falls to that 
or to Terpios it is clearly no longer a usable name for the genus. 

An analysis may be given of those species which have been first described as 
Laxosuberites. L. aquaedulcioris Annandale, 1914, page 157. Indian, brackish 
water, encrusting, green to gold, spicules 6 by 330 microns. Typical architecture, 
probably a good species of Terpios to which it is here transferred. 

L. conulosus Burton, 1930, page 669. India, massive, colour in life not given, 
surface conulose, spicules 7 to 14 by 560 microns. A good species, unless perhaps. 
a synonym of aquaedulciorus. This, of course, must be transferred to Terpios. 

L. durus Stephens, 1915, page 37. Irish. | 

L. ectyoninus Topsent, 1900, page 189. Mediterranean. + 

L. incrustans Stephens, 1915, page 36. Irish. 


These three were transferred to Suberites by de Laubenfels, 1936, page 147. 
A new name is required for incrustans of Stephens, because there are already 
three other species named Suberites incrustans ; it may therefore here be 
named Suberites stephensi. 

L. lacustris Annandale, 1915, page 45. India, brackish water, spicules 8 by 570: 


-microns. This is here regarded as emphatically conspecific with and falling in 


synonymy to the earlier aquaedulcioris, in Terpios. 

L. mexicensis de Laubenfels, 1935, page 9. Pacific coast of Mexico, a aihele, small 
specimen. It is my present opinion that this should rather go to the genus 
Prosuberites, which transfer is here made. There is a similar species in Japan, 
which was described as Leucophloeus perforatus by Thiele, 1898, page 47; this 
should also go to Prosuberites. Thiele, 1898, page 48, also described Leucophloeus 
incrustans from Japan; this is here designated as conspecific with perforatus, 
and thus also referred to Prosuberites. In order to make these transfers, the 
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generic diagnosis of Prosuberites requires a slight alteration. It has been used 
exclusively for sponges so thin that they were scarcely thicker than the length 
of one of their spicules. It must be assumed that specimens several times as thick 
should still be included, not’ put in a supposed genus Laxosuberites. Thus it ~ 
may be said that Prosuberites comprises sponges somewhat like those of T'erpios, 
with a spiculation of tylostyles, but these are much larger than those of T'erpios, 
and do ‘not have heads so large in proportion to the diameter of the shaft as is 
true of those in J'erpios ; also, not even the young spicules have the peculiar lobate 
form which is true of juvenile spicules in Terpios. Prosuberites was established 
by Topsent, 1894, page xlii; its type (designated by de Laubenfels, 1936, page 148) 
is Prosuberites longispina Topsent, 1894, page xlii, a Mediterranean sponge with 
tylostyles that are 17 by 2000 microns. As a result of this redescription of 
Prosuberites, the West Indian sponge described as Prosuberites microsclerus by 
de Laubenfels, 1936; page 149, should be transferred to Terpios ; it is probably 
an immature specimen of T'erpios fugax and is here so dropped in synonymy. 

L. proteus Hentschel, 1909, page 389. West Australia, spicules 5 by 158 to 
11 by 808 microns. With some slight doubt this is here transferred to T'erpios. 

L. zeteki de Laubenfels, 1936, page 450. Pacific coast of Panama, red and green 
ectosome, yellow endosome, massive, spicules 3 to 20 by 700 microns. This is 
here transferred to Terpvos. 

‘The genus Terpios was established by Duchassaing and Michelotti in 1864, 
page 97, for a number of West Indian sponges. The type was established by 
de Laubenfels, 1936, page 152, as Terpios fugax Duchassaing and Michelotti, 1864, 
page 102, which has been described above. The following species have been 
described as of this genus : a 

T. aurantica Duchassaing and Michelotti, 1864, page 99. This is represented 
by British Museum (Natural History) register number 28.11.12.7 and may be a 

Pseudosuberites, but wants further study. ) 

T. australiensis Hentschel, 1909, page 394. West Australian. Itis here dropped 
in synonymy to Terpios proteus of the same author, same locality, almost identical 
description. 

T. cladocerae Duchassaing and Michelotti, 1864, page 100. Represented by 
British Museum (Natural History) register number 28.11.12.9. It may be a 
synonym of 7’. fugax, but wants further study. 

T’. coerulea Carter, 1882, page 355. British. This is here referred in synonymy 
to 7. fugax, Carter’s description fits that of Bermuda specimens very neatly. 

T. corallina Duchassaing and Michelotti, 1864, page 98. Specimens lost, species 
unrecognizable. | 

T. desbonit Duchassaing and Michelotti, 1864, page 98. Specimens lost, species 
unrecognizable. 

T. echinata Duchassaing and Michelotti, 1864, page 102. Represented by 
British Museum (Natural History) register number 28.11.12.10. It may be a 
synonym of Terpios fugax, but wants further study. 

T. fugax Duchassaing and Michelotti, 1864, page 102. -The genotype, represented 
by British Museum (Natural History) register number 28.11.12.11. 

T. ganiae Duchassaing and Michelotti, 1864, page 101. Specimens lost, species 
unrecognizable. 
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T. lendenfeldi Keller, 1891, page 320. Red Sea. This is here dropped in 
synonymy to Terpios viridis, same author, same locality. The principal, almost 
only difference is that lendenfeldi is described as black rather than dark green. 
This difference may be due to accident in preservation, or different symbionts. 
If such a difference were borne out by field studies of living specimens, it would 
be more significant. Yet one may recall that at Bermuda the varying amount of 
_dark blue material (possibly symbiont) at the very surface rendered specimens of 
somewhat varying colour. 

T’. niger Duchassaing and Michelotti, 1864, page 102. Specimens lost, species. 
unrecognizable. 

T. symbiotica Hentschel, 1909, page 395. This was transferred to the genus 
Terprosella by Burton, 1930, page 675. This genus was established on the same 
page, by Burton ; the type and only other species is Ophtlitospongia (sic) fucoides 
Bowerbank, 1876, page 771. The spelling was an obvious lapse for Ophlita- 
spongia. The diagnosis of T'erpiosella is thin sponges growing on algae, with a 
spiculation of tylostyles. The growth on algae would hardly seem to warrant a 
new genus ; one may note those various Bermuda sponges, such as specimens of 
Dysidea fragilis and Xytopsues griseum, which are loaded with coarse algal growths. 
Data about the spicules of these two species are not all that could be desired, but 
it seems clear that they and the entire genus Terpiosella should be dropped in 
synonymy either to Terpios or to Prosuberites. Pro tem. it may be regarded as a 
genus inquirendum. 

T'. tenuis Duchassaing and Michelotti, 1864, page 100. Represented by British 
Museum (Natural History) register number 28.11.12.8. It may be a synonym of 
T. fugax, but wants further study. 

T. viridis Keller, 1891, page 319. Red sea, encrusting, dark green, slimy, with 
spicules 2 by 210 microns. Because some spicules are described as being oxeote, 
‘the generic allocation of viridis is questionable, it is left here with doubt. 

Certain species require consideration in connection with the genus Terpios, 
although they were first described in other genera. Some of these are :— 

Suberites lobiceps Schmidt, 1870, page 47. West Indian. This is quite obviously 
a synonym of TJerpios fugax, of the most typical sort. The species is here 
transferred to T'erpios and so dropped in synonymy. 

Hymedesmia tenuicula Bowerbank, 1882, page 68. This British sponge was 
transferred correctly to Terpios by Topsent, 1894, and is here relegated to synonymy 
with Terpios fugax. This action serves to call attention, however, to the 
co-existence of an Hymedesmia tenuicula of Lundbeck, 1910, page 52. In order 
to avoid ambiguity in referring to these two, a new name is required for that of 
Lundbeck, hence it is here designated as Hymedesmia tenuicella, nomen novem. 

Hymeniacidon gelatinosa Bowerbank, 1866, page 222. This British sponge is 
here transferred into the genus Terpios and relegated to synonymy with fugaz. 

Hymeniacidon callosus Bowerbank, 1882, page 86. This British sponge is here 
transferred into the genus Terpios and relegated to synonymy with 7’. fugaz. 

Hymeniacidon calcifera Row, 1911, page 354. This Red Sea sponge is described 
in such a way that it appears definitely to be a thin encrustation of Terpios viridis 
Keller, overgrown by a thin crust of ascidian of the family Diademnidae, which fate 
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may be often observed as occurring to sponges. The species is therefore here 


transferred into Terpios and relegated in synonymy to 7’. viridis. 

Hymeniacidon zosterae Row, 1911, page 355. This Red Sea sponge is described 
much like the preceding, except not overgrown by ascidian, instead it is on 
seaweeds of the genus Zostera. Comparison should be made with the genus 
Terptosella as above discussed. The species zosterae is here transferred into the 
genus Terpios and relegated in synonymy to 7’. viridis Keller, from the same 
locality. 

It will thus be observed that the following six species are all that are left standing 
in Terpios : : 

1. fugax Duchassaing and Michelotti, 1864. West Indies and England. ~ 

2. viridis Keller, 1891. Red Sea. 

3. aquaedulcworis Annandale, 1914. India. 

4. conulosus Burton, 1930. India. 

5. proteus Hentschel, 1909. West Australia. 

6. zeteki de Laubenfels. Panama and Mexico. 


Of these there is some doubt as to number 2 (if it has oxeas), of 4 (if it equals 
number 3), and of 5 (if it- really does have two spicule sizes). The principal species 
of Terpios are thus fugax, aquaedulcioris and zetek. 


Family CLIONIDAE Gray. 
The sponges of this family have spiculation which is much the same as that of 
the family Choanitidae. Many specimens of Cliona, the type genus, have spicules 
which closely resemble those of Spirastrella. This has already been discussed in 


connection with the curious Bermuda species, here called Spirastrella dioryssa,. 


but which may actually be a Cliona. The distinctive feature of the Clionidae 
is the fact that these sponges excavate galleries into calcium carbonate. As 
pointed out by de Laubenfels, 1947, page 42, Cliona celata may grow in water that 
is intermittently brackish, but then it lives entirely within its self-excavated 
tunnels. It may also grow in waters of full oceanic salinity. Then it remains 
hidden in burrows only while small and young ; as it grows older it emerges and 
becomes a large, fully exposed sponge. 


Genus CLiona Grant. 

Sponges of this genus have a principal spiculation of tylostyles, to which oxeas 
may be added. Many of them are already known also to have spirasters as micro- 
scleres, but these tiny spicules are usually difficult to find ; it may well be that all 
species of Cliona have spirasters, especially when young, but that these may be 
lost as the sponge grows older, or merely be excessively difficult to find because 
of rarity and small size. 


CLIONA CARIBBOEA Carter. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.46. 

Date collected.—July 29, 1947. 

Locality.—Near Daniel’s Head, off the west end of Bermuda. 
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Abundance.—There were dozens of large, head-size specimens of caribboea in 
the one locality, about a kilometre long from north to south, contiguous with 
the open ocean. None were found anywhere else, nor any small specimens. This 
is almost certainly the species which Verrill in 1907 reported as being then 
common throughout Bermuda ; he identified it as Cliona celata, a species to which 
caribboea is well known to be very closely related. It may well be that during 
the intervening forty years lampa has taken over the locations that are favourable 
to boring sponges, leaving only this one last remnant of big, old cartbboeas out at 
the far western end. 

Shape.—All the specimens were built up of rounded lobes which in turn formed 
cake-shaped masses. 

Size.—The lobes were 1 to 5 cm. in diameter. All the specimens were as large 
as human heads, many as much as twice that size, up to masses 20 cm. thick and 
50 cm. in diameter. 


Fig. 48. 


Camera lucida drawing, 666, of the spicules of Cliona caribboea. A: shows the point. B: the 
head of the same spicule, but not all of that spicule is shown. C: shows an unusual type 
of spicule head, a sort that is found in about one spicule of 200 or, 300 in this species. The 
enclosed scale shows 20 microns by twos. 


Colour.—Bright yellow-ochre. When put into alcohol they turned the fluid 
brown, but thereupon the interior of the sponge turned green. This is a very 
unusual colour or pigment behaviour among sponges. Brown often masks the 
green of chlorophyll, or is a mixture of this green with red or violet—in such cases 
the alcohol turns green by leaching it out of the sponge. Here it seems that an 
alcohol-soluble brown pigment was masking an alcohol-insoluble green pigment. 
The green colour that results from alcohol immersion of this sponge endures for 
at least several weeks, and the outside retains the ochre tint. 

Consistency.—Somewhat cork-like, firm but compressible. 

Surface-—Smooth, even glistening, over the coarse tubercles or rounded lobes. 

Oscules.—Abundant, perhaps 20 to 30 per specimen, each | to 2 cm. in diameter, 
but somewhat contractile. 

Pores.—Rather uniformly Rienabuted or scattered, in contrast to similar old 
specimens of Cliona celata, in which they are often aggregated into clusters or special 
pore areas. The pore diameter is about 150 microns when they are fully opened. 

Ectosome anatomy.—The surface is thickly beset with microscopic spicule- 
brushes. Each tuft comprises a hundred or so megascleres, points upward and 
outward, heads close together. These tufts are about 150 microns apart, centre 
to centre. 
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Endosome anatomy.—Confused, cavernous. There are many inclusions of foreign 
objects, chiefly calcareous—bits of dead coral and shells. Practically no tendency 
to fibre or tract formation is to be seen, instead, the spicules of the interior are 
strewn in complete confusion. 

Skeleton.—There are spicules of one sort only, tylostyles with rather elongate 
heads (see figs. 48 B and 49.A). Some have double heads (see fig. 48 C). The 
common size is 8 by 310 microns, heads 10 microns in diameter. 

This species is close to Cliona celata, Grant, 1826, page 79, the type of the genus ; 
celata is a sponge of world-wide distribution in cooler waters. Cliona caribboea 
(when evacating) makes larger burrows, and then does not fill them so compactly 
as does celata. When emergent it is more brownish, and the pores not aggregated 
as in celata. Its spicules are thinner but as long as those of celata. It seems to be 
confined exclusively to the West Indian region, including the Bermudas. 


CLIONA LAMPA, Sp. 0. 


The syntype of this specis, which is a portion of the holotype, is deposited in the 
British Museum (Natural History), register number 1948.8.6.45. The residue of 
the holotype is deposited, at least temporarily, in the Museum of the Government 
Museum at Flatts, Bermuda. 

Date collected.—June 30, 1947, and many others. 

Locality.— Harrington Sound, and the coasts of the Bermudas in general, except 
apparently not at the west end of the archipelago, where Cliona caribboea is found 
instead. 

Abundance.—Extremely common. It excavates the local rock, and as all 
Bermuda is basically aeolian limestone, the field of operations for Cliona lampa is 
enormous. It prospers most, however, where currents are strong. For example, 
at the inlet to Harrington Sound where the water is eternally rushing, either in 
or out, there are huge areas of this sponge, areas of hundreds of square metres. 

Size.—Indefinite lateral growth. Certainly continuous masses of several metres 
in diameter occur. It does not arise into the water above the rock in which it is 
burrowing, although other species of Cliona often do so. It certainly penetrates 
to a depth of 4 cm. into the rock. It would be an interesting bit of research to 
employ a rock drill and, by tests in various localities, to ascertain just how deep 
at the deepest it may bore. The opinion is here expressed that it will probably be 
found to go at least as deep as 10cm. | 

Colour.—The living lampa is a brilliant red, tending toward the vermillion. In 
alcohol it is promptly bleached to nearly white, but it thus imparts the bright 
cherry red to the preservative fluid, and the colour lasts amazingly long in the 
alcohol, at least several weeks. Dried specimens of lampa are slightly brownish, 
but very pale. 

’ Consistency.—One may readily deduce that this sponge is soft, but this texture 
is not palpable because of the location within rock interstices. Actually one feels 
the stone. 

Surface.—The stone, shell or coral that is permeated by lampa exhibits the 
distinctive colour of the sponge, but otherwise retains to an astonishingly great 
degree the same appearance that it would have had if not inhabited by a boring 
sponge. 
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Oscules.—Not made out. 

Pores.—Not made out. 

Ectosome anatomy.—This species does not seem to have dermal papilles such as 
are described for some kinds of Cliona. 

' Endosome anatomy.—Buriéd in rock. 

Skeleton.—The principal spicules are straight eae (see fig. 49 A), 3 by 150 
to 3 by 210 microns. These are certainly megascleres. There are fairly numerous 
finely microspined oxeas (see fig. 49 C) which are so small that they may rather 
be large microscleres than small megascleres ; the size is 2 by 70 microns. There 


are abundant streptasters, only 1 by 10 microns, microspined. 


The spiculation of lampa is so nearly that of the abundant old-world Cliona 
vastifica, that my first reaction was to regard it as being vastifica. Since the summer 
of 1947 it has become my privilege, as it has not been previously, to work with 
numerous specimens of Cliona vastifica in the field, alive. They are so different 
from lampa that I am almost tempted to put lampa into a new genus. 

The clear-cut vastifica varies in colour from yellowish, usually rusty orange, to 
rusty red, but lampa was uniformly brignt vermillion in all of the many varied 


~ localities in which it occurred. 


Fig. 49. 
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Camera lucida drawing, x 666, of the spicules of Cliona lampa. The enclosed scale shows 
20 microns by twos. 


The clear-cut vastifica bores with burrows which are roughly circular in cross- 
section, and which meander through coral or other calcium carbonate in much 
the same way that Cliona celata burrows, except that—as Hancock noted in his 
original description of vastifica, 1849, page 342—there are fewer and smaller papillae 
than in celata. ‘The papillae of vastzfica are between 1 and 2 mm. in diameter, with 
a round opening, about a third of the total diameter but contractile. Presumably 
some of these are inhalent, others exhalent. They lead to meandering, occasionally 
branching galleries. In contrast, Cliona lampa is much more diffuse. Instead of 
only scattered window-like exits and entrances, it covers the entire surface of the 
mineral in which it lives. There are strands of continuous sponge protoplasm 
buried in the rock ; these are about 1 mm. in diameter and 2 to 6 mm. apart, and 
may correspond to ordinary Cliona galleries, but lampa is not confined to them ; 
it penetrates interstices in all directions. 

There is a slight spicular difference, too. The microspined streptasters of Cliona 
vastifica are distinctly angulated, whereas those of lampa are straight. 

The peculiar rock penetration of Cliona lampa calls strongly to mind the per- 
plexing situation with regard to the species dioryssa which was described above 
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as of the genus Spirastrella, but which permeates into minute rock crevices, and 
perhaps excavates as it goes. It is to be hoped that both will be investigated at 
length in the future. 


Order HPIPOLASIDA Sollas. 


The sponges of this order have a general appearance which, to the experienced 
student of sponges, strongly suggests that they belong to the following order or 
Choristida. Probably many such students have entertained the idea that they 
really do so belong. Yet it would be difficult to justify such a notion on paper. 
The Choristida are distinguished by tetractinal megascleres, which the Epipolasida 
lack. The Choristida often have large, coarse oxeas in addition to their tetraxons, 
and these are practically the only meglascleres in the Epipolasida, but so are they 
also in some of the Haplosclerina. Both Choristida and Epipolasida tend to have , 
pronouncedly corticate and radiate structure, but so do the sponges of the order 
Hadromerina. Both Choristida and Epipolasida frequently have astrose micro- 
scleres, but these are also common in the Hadromerina. Thus Epipolasida are 
like the Hadromerina, except that they usually possess diactinal instead of 
monactinal principal spicules, and never have tylostyles. They are like the 
Choristida except that they lack the tetractinellid spicules. 


Family JASPIDAE de Laubenfels. 
Sponges of this family are distinguished, by their possession of astrose micro- 
scleres, from the sponges of the family Sollasellidae, which lack microscleres. Hach 
of these two families is characterized by rather simple radiate architecture. Other 


families of the Epipolasida have either peculiar structure and shape, or else have - 
the lithistid modification. 


Genus STELLETTINOPSIS Carter. 

This is one of two genera of Jaspidae that has the remarkable combination of 
both euasters and streptasters within the same specimen, a most unusual spicule 
association for any family in the phylum Porifera. The other genus of Jaspidae 
which has such a combination of microscleres is T'ethyorhaphis, which has euasters. 
and microspined microstrongyles. It is very close to, and some day may be dropped 
in synonymy to Stellettinopsis. The genus Melophlus Thiele, 1899, page 8, should 
be transferred to the family Jaspidae, close to Tethyorhaphis, which it somewhat. 
resembles, but lacks the euasters. It is not suggested that Melophlus be dropped 
in synonymy to Stellettinopsis. Sponges of this latter genus have obscurely radiate: 
structure, large coarse oxeas, and—as already observed—euasters plus streptasters.. 


STELLETTINOPSIS KETOSTEA, Sp. n. 


The syntype of this species is deposited in the British Museum (Natural History), 
register number 1948.8.6.47.. The residue of the holotype is deposited, at least 
temporarily, in the Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected.—July 10, 1947, also August 9, 1947. 

Locality.—Whalebone Bay, north shore of Bermuda, St. George’s Parish. 

Abundance.—Two specimens were found. Each was hidden under a rock, depth. 
about one metre. 
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Shape.—Amorphous to encrusting. 

Size.—l1 em. thick, and a little over 2 cm. in diameter. 

Colour.—Nearly black as to exterior. In alcohol it faded only slightly. The 
interior is grey. 

Consistency.—Firm, hard, only slightly compressible. 

Surface.—Minutely verrucose. 

Oscules.—Not to be discriminated from the pores. 

Pores.—Abundant over the entire surface, each about 60 microns in diameter. 
As noted above, in all likelihood some of these apertures are vents, rather than 
inhalent. 

Ectosome anatomy.—There is a cortex about 200 microns thick, characterized 
chiefly by its content of cells that are full of large, dark spherules. 

Endosome anatomy.—Somewhat confused, but with an evident tendency to be 
radiate. The suppression of symmetry that exists here is probably due to. 
environmental effects. 


Fig. 50. 
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Camera lucida drawing, <x 666, of the spicules of Stellettinopsis ketostea. A shows a megasclere 
termination ; it could be either end of any megasclere. B illustrates a small fraction of 
the central portion of one of the megascleres, to show the thickness that is attained. 
C represents four of the streptasters, and D two of the euasters. The enclosed scale shows 
20 microns by twos. 


Skeleton.—The megascleres appear to be exclusively oxeas, of great size-variation 
(see figs. 50 A and 50 B). Representative sizes are 3 by 400, 8 by 600, 15 by 800: 
and 25 by 1000 microns. The microscleres include abundant, straight streptasters, 
12 to 18 microns long (see fig. 50 C) and nearly as common, equally widely distri- 
buted oxyasters (see fig. 50 D) 30 microns in greatest diameter. 

It was a matter of great satisfaction, and welcome, even though essentially 
needless confirmation, to find the second specimen of this unusual species, and in 
this second example the identical spiculation of the first specimen. It is con- 
clusive proof that this combination of the two microsclere sorts can occur ; they 
are both abundant, obviously proper (not foreign or borrowed), and each of the 
two is a clear-cut representative of its spicule category. 

The type of Stellettinopsis is corticata, set up at the same time as the genus ; 
Carter said of it (1879, page 348), “‘n. gen. et sp.”’, which is probably a good type 
designation, but if not, it was confirmed by de Laubenfels, 1936, page 159. This 
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Australian sponge was pale yellowish, had the pores in sieve areas, and the strep- 
tasters appeared somewhat strongyliform ; in this latter respect it resembles the 
only species of Melophlus, which is sarasinorum, a South Pacific sponge (Thiele, 
1899, page 8). Carter does not give spicule sizes for his species. 

The second species of Stellettinopsis has been simplex (Carter, 1879, page 349), 
from the same locality as corticata. It is described as lacking the cortex and 
having streptasters that are somewhat sceptrelliform. In this latter respect it 
approaches the Bermuda species, but ketostea is corticate. Both the Australian 
species (or are they conspecific ?) had special pore areas and yellowish colour, 
whereas ketostea has scattered pores and is nearly black. 


Genus EPALuax Sollas. 


Sponges of this genus are quite typical of the family Jaspidae, with radiate 
structure, large oxeas as megascleres, and astrose microscleres. The distinguishing 
feature of Epallax is the possession of two quite distinct types of (euastrose) 
microscleres. 


EPALLAX AJAX, Sp. Nn. 


The syntype of this species, which is a portion of the holotype, is deposited in 
the British Museum (Natural History), register number 1948.8.6.49. The residue 
of the holotype is deposited, at least temporarily, in the Museum of the Government 
Aquarium at Flatts, Bermuda. 

Date collected.—August 8, 1947. 

Locality.— Walsingham Pond, Bermuda. 

Abundance.—One specimen. This occurrence was a very striking sight. The 
large white Hpallax was partially overgrown by bright green Haliclona viridis, 
which was itself partially overgrown by bright red Tedania ignis. 

Shape.—Massive, sub-spherical. 

Size.—About 4 by 5 by 6 cm. 

Colour.—White, slightly marred by small quantities of debris on the surface. 
The white colour, as might be expected, is maintained in alcohol. 

Consistency.—Cartilaginous. 

Surface.—Almost smooth, but slightly hispid in places, especially where it was 
overgrown by the other two sponges. This may be a reaction to the overgrowth, 
but is probably the original condition, the hispidating spicules having been worn 
off from the exposed portions. 

Oscules.—Very small, not distinguishable from the inhalent openings. 

Pores.—Abundant, 35 microns diameter. It would seem that the vents are this 
same small size. 

Ectosome anatomy.—Obviously affected by the overlying neighbours. Under 
the other sponges the cortex is reduced to a thin dermis, only about 10 microns 
thick. Where not overlaid, it is a normal fibrous cortex, as is to be expected in 
the Epipolasidae. It is 500 microns thick. The spicules of this cortex, however, 
are much the same as the spicules of the endosome. 

Endosome anatomy.—The interior is densely fleshy, microcavernous, and very 
full of spicules. 
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Skeleton.—The megascleres are exclusively oxeas (see fig. 51 A), often 15 by 1500 
to 32 by 3300 microns in measurement. In the very centre of the sponge they 
are packed in confusion, but elsewhere they tend to be orientated perpendicular to 
the surface (radiate structure). In places they are arranged in fascicular tracts 
about 130 microns in diameter, each tract containing some 15 spicules per cross- 
section. As might be expected from the close association with other sponges, a 
number of obviously foreign spicules occur at the surface. 

The microscleres are of two sorts. There are abundant triaxons (see fig. 51 B) 
and the occurrence among them of occasional tetraxons (also illustrated) indicates 
that they are probably reduced asters. Their rays are only 1-5 by 30 microns, 
which seems to put them very definitely into the microsclere category. This 
is an important matter for consideration, however. If these were megascleres, 
they would lift the sponge into the order Choristida, and thus it would fall into 


Fig. 51. 


Camera lucida drawing, x 666, of the spicules of Hpallax ajax. A: illustrates one end and part 
of the mid-portion of one of the oxeas. The enclosed scale shows 20 microns by twos. 


the genus Astroplakina. Their rays, however, are not even as long as the diameter 
of the obvious megascleres. ‘There are also abundant asters present that are 
certainly microscleres (see fig. 51), and these are only about 18 microns in 
diameter. Both sorts are euasters, with smooth, sharp rays. 

Epallax was established by Sollas, 1886, page 178, for £. callocyathus (type 
species) ; this is a stalked, flower-shaped vase, and came from the East Indies. 
Its larger category of microscleres (microcalthrops) had rounded ends to their rays, 
that is to say, the strongylote modification. This and the shape sharply differen- 
tiates it from the species ajax. 

Topsent, 1890, page 68, described E'pallax incrustans from the Azores, which 
also is a mid-Atlantic archipelago, thus analogous to the Bermudas. His entire 
description (with no illustrations) is “‘ #. incrustans possede des oxes, et des asters 
semblables 4 ceux de Hymedesmia spinatostellifera Crtr., mais avec moins de 
rayons”’. Carter’s species, which is thus mentioned, has very peculiar megascleres, 
with hundreds of acute-angle branches of the axial canal arising at one point near 
its end. This is quite likely a pathological condition. It has asters with nodally 
arranged microspines. If incrustans has these too, it is very distinct indeed from 
the Bermuda Epallax. 
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It is greatly to be desired that a series of Hpallax specimens might be obtained 
from the North Atlantic region for study, because it is—of course—unsatisfactory 
to base species on single specimens, yet impossible to refer specimens (such as this 
one from Bermuda) to species that are evidently different from them. 


Family TETHYIDAE Gray. 


Sponges of this family are well characterized by their peculiar external shape. 
They tend to become covered with ectosomal pedunculate tubercles. The degree 
of development of these numerous surface growths varies during the life of the 
individual sponge, almost certainly in connection with reproductive processes, 
but the verrucosities are practically always discernible, and usually are conspicuous. 

The architecture is strongly radiate, which is likewise true of the preceding and 
following orders. The same may be said for the fact that they are corticate, and 
have astrose microscleres. They are certainly not Choristida, which have tetrac- 
tinellid spicules, but the order allocation as between Hadromerina and Epipolasida 
is not easy. A chief difference has been that of monactinal versus diactinal 
megascleres, respectively. The spicules of Tethyidae are intermediate ; they are 
not quite like ordinary diacts nor monacts, but are strongyoxeas that may be 
equi-ended, hence diactinal, or—still the same peculiar type—they may be inequi- 
ended, hence technically monactinal. Some are pronouncedly monactinal. 


Genus TretHya Lamarck. 


Almost the only genus of the family, this one has a venerable history ; it was 
one of the earliest to be separated from the parent genera, Spongia and Alcyonium. 
Sponges of the genus Tethya are in all respects typical of the family Tethyidae as 
described. There are three other genera in the group. Tethytimea de Laubenfels 
(1936, page 164) includes sponges with decidedly monactinellid megascleres, but 
otherwise similar to T'ethya. Tethycordyla de Laubenfels, 1934, page 8, includes 
sponges which vary in external shape considerably in the direction of the peculiar 
habitus of Stylocordyla and thus in general toward the family variously known as 
Stylocordylidae or Podospongiidae. The genus Taboga de Laubenfels, 1936, 
page 452, has in its original diagnosis an emphasis on the presence of four types of 
asters, one with branched rays. Perhaps even greater emphasis should be laid 
on the fact that there is an ectochrote of erect megascleres, densely packed, outside 
the extremely muscular but otherwise rather typical Tethyoid cortex. The asters 
with branched rays (as found in T'aboga) bear an interesting resemblance to the 
distinctive characters of the following new species. 


TETHYA ACTINIA, sp.n. (See Pl. II, fig. 8.) 

The syntype of this species is deposited in the British Museum (Natural History), 
register number 1948.8.6.48. Additional syntypes are deposited, at least tem- 
porarily, in the Museum of the Government Aquarium at Flatts, Bermuda. 

Date collected—June 30, 1947, and many others. 

Locality Harrington Sound, Walsingham Pond, and the coasts of Bermuda, 
generally. 

Abundance.—Very common in diverse marine localities. 
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Shape.—Sub-spherical, often ovoid, taller than thick. 

Size.—Typically the size as well as the shape of an egg. Specimens as tall as 
5 cm. are exceptional. 

Colour.—The living sponge is probably always bright orange. The interior is 
consistently of this hue, but several situations obtain for the exterior. Especially 
in Walsingham Pond, but often everywhere, T'ethya actinia appears bright green. 
It seems obvious that this is due to algal symbionts in (or on) the surface. This 
colour dissolves into alcohol promptly as chlorophyll dissolves, so that a green 
sponge may quickly “turn orange ” upon being plunged into spirits. Hspecially 
in Harrington Sound, but occasionally in the other localities, Tethya appears bright 
orange externally as well as internally. Locally these specimens are quite appro- 
priately called “ tangerines ” as a result of their resemblance to lumpy specimens 
of that citrous fruit. A few specimens were found that were intermediate, with 
just enough green to dull the orange to a sort of grey or drab ; these were not so 
common as the bright orange ones, which in turn were less abundant than the 
bright green specimens. In the first week of July 1947, one unique specimen was 
discovered—a typical Tethya actinia in all respects except that the exterior was a 
rich purple colour. A careful microscopic study, especially of the spicules, revealed 
its identity in the most minute details with the green and with the orange specimens 
or—tfor that matter—with the drab ones. 

“Consistency.—Cartilaginous, modified by the high ratio of spicule to flesh. 

Surface.—Extremely verrucose. The surface lumps are themselves lumpy. 
The primary protrusions are about 3 mm. in diameter, the secondary, super- 
imposed bumps are about 300 to 500 microns in diameter. The diameters are much 
more uniform than the heights. Some specimens are covered with stalked warts 
5mm. high. A height of between 2 and 3 mm. is much more common, and 
specimens occur with the warts as little as 1 mm. high. 

Oscules.—These are regularly small and contractile in Tethya, seldom observed. 

Pores.—These are also small (microscopic) and extremely SOM ut Tethya 
is one of the very most ‘“‘ muscular ”’ of all sponges. 

Ectosome anatomy.—A tough, fibrous, strongly contractile cortex, usually a 
little over 1 mm. thick. 

Endosome anatomy.—Emphatically radiate. The large megascleres are packed, 
parallel, in fascicular tracts which radiate from a point near the centre of the base 
of the sponge and are approximately perpendicular to the surface. The soft parts 
are confined to the comparatively small areas between the spicular columns. 

Skeleton.—The megascleres are of a very distinctive type, called strongyloxeas 
(see fig. 52 A). The fact that the ends are rounded (as illustrated) gives rise to the 
resemblance to the strongyle; but the fusiform shape (not illustrated) with a 
thick centre, tapering to only a minute fraction of that largest diameter before 
rounding off, affords considerable resemblance to an oxea. These spicules are 
often 20 by 2000 microns, or even longer, in T'ethya actinia. 

There are three distinct types of microscleres. There are abundant spherasters 
(see fig. 52 B), total diameter about 30 microns, of which the solid centre is about 
15 microns thick ; this sort is commoner in the cortex than the other microscleres, 
but in the interior it is less common than they are. 
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There are very abundant chiasters (see fig. 52 C), total diameter 10 to (rarely) 
15 microns. Most of them have about 8 rays. A sort with only 5 rays may 
constitute a distinct variety. The rays are blunt and microspined. Finally 
there are regularly present, but rather uncommon, large oxyasters (see fig. 52 D) 
total diameter 32 microns, with only 4 to 7 rays ; the commonest number is 5 rays. 
Furthermore, almost always one or more of these rays are dichotomously branched, 
near their tips. 

Tethya was established by Lamarck, 1814, page 69, having as its genotype the 
sponge which was first described as Alcyonium aurantium by Pallas, 1766, page 210. 
The genotype was fixed by Topsent, 1920, page 643. The fact that scholars of 
a century ago placed sponges in the Coelenterate genus Alcyoniwm need not be 
elaborated upon in this treatise. 


Fig. 52. 
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Camera lucida drawing, < 666, of the spicules of Tethya actinva. A: illustrates only the termination 
of one of the megascleres. The enclosed scale shows 20 microns by twos. 


It is with great reluctance that I propose a new name in this genus, which has. 
already many times as many names as there are valid species. Quite frankly 
it must be anticipated that actinia is not really a new species, but may some day be 
reduced to synonymy—but this reduction should not be lightly undertaken. It 
must depend upon a redescription, based on type material, of some older name. 
The situation that exists is as follows: very many specific names crowd the 
literature of T’ethya, based upon specimens from many parts of the world, but with 
exceedingly brief and inadequate descriptions. No description has yet covered a 
Tethya with the peculiar asters of the Bermudan one, but such spicules may really 
exist in some of the ill-described species. Unless such are found in type material, 
or until they are found, actinia is available as a useful designation. Very similar 
asters with branched rays do occur and are described by de Laubenfels, 1936, 
page 453, fig. 43 D, in the sponge from Pacific Panama, named T'aboga taboga. 
The distinctive character of actinia is the aster with forked rays, as here illustrated 
in fig. 52 D. 

B. B. Crozier, as already noted, referred Bermuda specimens of 7'ethya to three 
species of Donatia. Nardo set up the name Donatia, 1833, page 522, almost twenty 
years later than T'ethya, which dates to Lamarck, 1814, page 69; consequently it 
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must, of course, fall in synonymy to T'ethya, yet—curiously enough—even in the 


last few years various writers have continued to use Nardo’s name. Of Crozier’s 
three names, lyncuriwm was described as an Alcyonvum by Linné, 1767, page 1295, 
but is a synonym of aurantivwm, as Linné himself indicated, and as confirmed by 
Topsent, 1900, page 294. Alemo seychellensis Wright, 1881, page 13, is a name 
proposed for a T'ethya from the Indian Ocean, which is very inadequately described, 
but which appears to be an aurantia ; certainly there is nothing in its description 
to set it off from aurantia. Besides lyncurium and seychellensis, Crozier used 
the name ingalli. This was set up as T'ethea (sic) ingalli by Bowerbank, 1858, 
page 307, and specialists in the Porifera who read Bowerbank’s description do not 
find how it differs from aurantia ; it is curious to note that Crozier, who had not 
specialized in regard to sponges, considered it different. 

Crozier was swayed by extreme preoccupation with cortex thickness, but this 
is utterly unreliable as a differentiation between species of T'ethya. Each indi- 
vidual sponge of this genus has a cortex which starts thin and grows thicker. It 
appears that about once a year (the rhythm has never been followed long enough 
to be sure of its exact length) the entire ectosome of the sponge goes into a violent 
effort of bud formation, each bud dropping off to serve as a potential new sponge. 
Among the items not yet ascertained are these : does the sponge then die, or does 
it survive to repeat the cycle ? If so, how long is it until the next outburst of bud 
formation ? How old is the sponge when it has its first great effusion of asexual 
buds ? But as for cortex thickness, this is modified most effectively by this cycle ; 
early in the sequence the cortex is thin, later it is thicker. 

The species actinia is clearly closely related to aurantia, but appears to reveal 
that evolution has been going on its way in Bermuda. The comparison to T'aboga 
taboga is interesting because this latter sponge, being in Panama, is still further 
removed from the centre of abundance of aurantia than Bermuda is. How does 
it happen that actima differs from aurantia by being a little like Taboga? One of 
many possible theories is that actinia could be the primitive form, that east of 
Bermuda aurantia evolved by losing the asters with forked rays, while west of 
Bermuda taboga evolved by gaining the peculiar ectochrote on its surface. 


Family SCLERITODERMIDAE Sollas. 


Once in a long time a living lithistid sponge is found, as happened on the 8th of 
August, 1947, at Walsingham Pond, Bermuda. Fossil lithistid sponges are among 
the most abundant of all fossil Porifera. This does not indicate that the lithistid 
modification occurred more frequently in bygone ages than it does. now, but 
merely that when this modification does happen, the result is therefore more 
likely to serve as a fossil. Other sponges are likely, when they die, to disintegrate. 
Their isolated spicules may endure ; in fact, isolated spicules are common, tantaliz- 
ing fossils—but little can be deduced about the sponge from only its spicules. One 
need only recall the diverse sorts of sponge which have only oxeas as spicules to 
perceive the quandaries that result. 

Vosmaer, in his famous monograph of the Porifera for Bronn’s “ Thier-reich ”’, 
divides all the sponges, other than the calcareous ones, into three orders. 
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I. Hyalospongiae (page 252). Now regarded as a class. 

II. Spiculispongiae (page 281). This and the following now make up the class 
Demospongiae. 

III. Cornacuspongiae (page 335). This was divided into (first) the suborder 
Halichondrina, now an order, in which he included also the modern orders 
Poecilosclerina and Haplosclerina, and (second) the suborder Ceratina, which 
corresponds to the modern order Keratosa—actually an older name for the group. 

Vosmaer’s Spiculispongiae were divided into two suborders, of which his 
Tetractina includes the modern orders Choristida, Carnosa, Epipolasida and 
Hadromerina. His other suborder (and his suborders were, it may be noted, 
more like what would now be regarded as subclasses) was Lithistina (page 281). 
This monograph was published in fractions, from 1882 to 1887. By Vosmaer’s 
own account, in his *‘ Bibliography of Sponges ’, page 281 was first published in 
1885. 

Lithistid sponges often have some spicules which are like those of sponges that 
are not lithistid. Some or all of the spicules, however, have secondary deposits 
of silica added, so that they become grotesquely lumpy, and they even ankylose. 
If not actually cemented together, they at least interlace, so that the resulting 
articulate skeleton stays together long after the sponge has died. This is the 
reason that such forms assume great importance in the field of paleontology. Some- 
times only the secondary deposit is in evidence, and it is not possible to ascertain — 
what type of spicule was thereby modified. 

The idea that the lithistid sponges constituted a natural order has been questioned. 
There are numerous cases, as noted, where it is possible to see what sort of sponge 
secondarily metamorphosed. Sponges that would otherwise be classified in several 
orders are clearly involved, perhaps any sort of sponge may undergo the lithistid 
modification. It must be emphasized that it may even be pathological. The 
outline of the phylum Porifera which was published in 1936 (de Laubenfels, 
Carnegie Institution Publication number 467) puts various familes of lithistids into 
several different orders. This still, however, leaves a perplexing situation when 
lithistid sponges are found with spicules of the sort called acrepid desmas. This 
may be explained further as follows: The elaborate, warty structures are all called 
desmas, and a monactinal spicule, as the result of lithistid modification, becomes 
a monocrepid desma. [If it is a tetraxon spicule, the result is a tetracrepid desma. 
The puzzling case is “ acrepid ’’, no base being discernible. A Bermudan sponge 
requires description, but its classification is difficult, because it is a lithistid species 
with acrepid desmas. It has, however, some spicules that are not desmas. With 
much hesitation, on the basis of these spicules, it is put into the family Sclerito- 
dermidae. 

Sponges of the family Scleritodermidae have desmas, also diactinal simple spicules, 
and may have raphids, or sigmaspires, or both. The diacts are sometimes strongyl- 
oxeote, suggesting resemblance to the Tethyidae ; it is for this reason that I put 
them in the order Epipolasida. Actually their phylogenetically correct allocation 
is enigmatical. 
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Genus DESMASCULA, nov. 


The genus is characterized by a dictyonine amalgamation of coarsely acanthosé 
desmas that appear to be acrepid. To this are added smooth monaxon spicules 
and peculiar contorted microscleres which seem to be greatly modified oxyasters. 
Other genera of Scleritodermidae do not have microscleres at all like this. The. 
type species of Desmascula is desdemona. 


DESMASCULA DESDEMONA, sp. n. 

The syntype of this species, which is a portion of the holotype, is deposited in. 
the British Museum (Natural History), register number 1948.8.6.50. The residue 
of the holotype is deposited, at least temporarily, in the Museum of the Government 
Aquarium at Flatts, Bermuda. 

Date collected.—August 8, 1947. 

Locality— Walsingham Pond, Bermuda. 

Abundance.—Ohne specimen. 

Shape.—A thin encrustation on another sponge, namely 8 ‘pheciospongia othella.. 

Size.—400 microns thick, 23 mm. in diameter. 

Colour.—The living sponge was red, medium dark, slightly brownish. In alcohol 
it has become brown. 

Consistency.—Brittle, fragile. 

Surface—Smooth. 

Ectosome anatomy.—No specialization is evident. 

Endosome anatomy.—Exceedingly little protoplasmic material in a large amount 
of skeleton. If lithistid sponges are pathological, that fact might be an explanation 
of the nature of this endosome. It had definitely living, cellular tissue, however,. 
when collected. 

Skeleton.—The sponge body is filled with three-dimensional reticulations of 

ankylosed desmas. There are a number of such units, dove-tailed together, not 
just one perfectly continuous network. The gnarled desmas are coarsely spiny 
(see fig. 53 A) and often about 10 microns in diameter. There are no conspicuous 
(or even evident) axial canals. Among this dictyonine framework stand many 
smooth, straight spicules, practically all of which were broken (see fig. 53 B). They 
are 4 microns thick, and at least 700 microns long. The internal end of one such 
spicule and the external end of another were found. Each of the two was acute, 
so the indication is that the spicule type is an oxea. There were some scattered 
styles (see fig. 53 C) about 2 by 100 microns, not certainly proper. There were 
tylostyles, but these could not be distinguished from those of the underlying 
Spheciospongia. 
- The microscleres that are present in moderate abundance (see fig. 53 D) are 
interesting, best described by the camera lucida drawing. Each has a globular 
portion, about 2 microns in diameter, that may be the remains of the centrum 
of an aster. From this sphere, one or (more often) two rays extend. When there 
are two, they may be near each other or almost diametrically opposed. Hach ray 
is much contorted, tapers gradually to an exceedingly sharp point, and is about 
10 to 12 microns long. 

In the field this sponge looked extremely like the locally abundant sponge, 
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Spirastrella coccinea, and was almost ignored for that reason. Other specimens 
may have been overlooked in that way. It occurred to me to see if this was or 
was not another Spirastrella specimen, and at first I thought surely it was. There 
were tylostyles (as in Spirastrella), but these probably were from the underlying 
Spheciospongia (or were they ?), and there was a dense dermal mass of spiny, 
contort silica, amazingly like the mass of spirasters which occurs at the surface of 
coccinea. I still wonder if this is a modified Spirastrella. The ankylosed condition 
was then noticed. Perhaps the soundest reason for believing that this is not a 
metamorphosed Spirasirella is the occurrence of the peculiar microscleres. 


Fig. 53. 


‘Camera lucida drawing, x 444, of the spicules of Desmascula desdemona. 'The style which is illustrated 
at C is not certainly proper. The enclosed scale shows 20 microns by twos. 


The genus Leiodorella Zittel, 1878, page 113, has a similar acanthose dictyonine 
net, but we do not know of any microscleres for it. It may have had them, but is 
known only as a Jurassic fossil from Poland. In Vosmaer’s key to the Lithistida, 
our species comes down to Arabescula Carter, another thin crust, but Arabescula 
has no recorded microscleres, and its desmas were smooth on the side toward the 
surface. The genus Scleritorderma Schmidt, 1879, page 28, has desmas less 
ankylosed than Desmascula. It has straight strongyles rather than oxeas, and 
small, curved, sigmoid oxeas. It is especially interesting for comparison because 
it is recorded by its author from the West Indies. 


Order CHORISTIDA Sollas. 


The sponges of this order are typically “ tetraxonid ’’, with at least some large 
megascleres that have rays extending out in four different directions from a single 
point. Sixty years ago a considerable difference was supposed to exist between 
these and the contrasting group or “ monaxonid”’ sponges. There are many 
indications, however, that most or all of the Epipolasida, while technically mon- 
axonid, are actually more closely related to the Choristida. Both of these orders 
are characterized by large spicules, radiate architecture, and distinct, fibrous 
cortex. The microscleres of both are asters. 
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Family ANCORINIDAE Gray. 


Sponges of this family are well representative of the Choristida, and have euasters 
for microscleres. Some of them also have streptasters. They never have the 
sterraster armour of the Geodiidae. 

The genus Monotria de Laubenfels, 1936, page 179, should be transferred to this 
family. In the reference cited, the assumption is made that triods were present.. 
The species on which the genus is based, Coppatias solidissima Wilson, 1902, page 
387, is there inadequately described, inasmuch as Wilson merely refers to the 
presence of “ triaenes”’ without giving their size, or stating if they were triods, 
protriaenes, mesotriaenes, anatriaenes, or whatever. I have come definitely to the 
conclusion, however, that they were one of the other sorts, not triods, hence the- 
change in family allocation. 


Genus STELLETTA Schmidt. 


This is one of the most typical and common of all Choristid genera. The 
structure is as indicated in the family description. The megascleres are those 
most representative of the order: large oxeas, plagio- or even dichotriaenes, and 
often protriaenes and anatriaenes. Both of the latter are probably present in 
every species, but perhaps not in every specimen, because it seems that one or 
both of them may be very rare without this rarity having any especial taxonomic 
significance. A critical point to separate the genus Stelletta from other closely 
related genera, is that sponges of this genus have two distinctly different kinds of 
microscleres ; these are euasters. The genus was established by Schmidt, 1862, 
page 46. 


STELLETTA GRUBI Schmidt. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.51. 

Date collected.—July 9, 1947. 

Locality.— Walsingham Pond, Bermuda. 

Abundance.—Although elsewhere common, this sponge, and Choristida in general, 
are astonishingly rare in the Bermudas. Only the single specimen of Stelletia was. 
found in a summer’s collecting, but this is the first West Indian record of this genus. 

Shape.—Sub-spherical. ; 

Size.—This specimen is about 25 mm. in diameter. The genus is often repre- 
sented by fist-size, or even head-size sponges. 

Colour.—Dingy white, alive and in alcohol. The sponge itself is probably quite 
white, but coarser or finer debris may be responsible for the somewhat grey 
appearance. 

Consistency.—Cartilaginous, modified by the high ratio of spicule to flesh. 

Surface.—Decidedly hispid, with spicules protruding in dense stands. Members 
of this and related genera are often as dangerous to handle as are cactus plants. 
The needles easily penetrate the skin ; they are removed only with difficulty and 
pain. 

Oscules.—Small and contractile, thus not found. In this genus they are regularly 
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contractile, but sometimes are so large to begin with that, even so, they are readily 
observed, 

Pores.—Microscopic and contractile. 

Ectosome anatomy.—There is a dense, fibrous, muscular cortex about 1 mm. 
thick over the entire surface. This contains rather numerous microscleres, and 
is underlaid by the (tangent) cladomes of the large triaenes. It is pierced by the 
Jong oxeas that render the surface hispid ; these extend as much as 1 or 2 mm. 
beyond the organic surface. 

Endosome anatomy.—Very full of spicules, radiate, with soft parts crowded into 
the interstices. Enough spicules are in confusion to give a coherent basis to the 
mineral portion, too. | 


Fig. 54. 
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Camera lucida drawing, x 666, of the spicules of Stelletta grubii. A shows a pointed end of a 
megasclere. This could be either end of one of the oxeas, or the inner end of the rhabi of one 
of the triaenes. The central portion of the oxea is not illustrated. B and C show 
dichotriaene and plagiotriaene respectively. Only the cladomes are shown, and the extreme 
upper portion of the rhabd. It appears that in all sponges having either of these two types, 
the other may be expected, that the spicules in question are first formed as the plagiotriaene, 
then made over into the dichotriaene later. In many specimens, including this from Bermuda, 
all intermediates occur. D shows typical oxyasters, E typical chiasters, and F illustrates 
a freakish spicule, probably to be regarded as a modified oxyaster. The enclosed scale shows 
20 microns by twos. 


Skeleton.—There are numerous large megascleres. Probably the commonest are 
oxeas, certainly as large in some cases as 30 by 4500 microns, and perhaps larger 
(see fig. 54. A). Smaller, developmental forms occur. Then there are plagio- 
triaenes (see fig. 54 C) which, as usual, grade into dichotriaenes (see fig. 54 B). The 
rhabds of these textrons are almost or quite as large as the oxeas, up to 30 by more 
than 400 microns. The clads reach a length of at least 60 microns. The micro- 
scleres are of two or more sorts. There are oxyeuasters (see fig. 54 _D) common 
throughout the whole sponge, cortex and interior; their diameters vary from 
15 to 30 microns; they have 5 to 8 rays. Then there even more abundant chiasters 
(see fig. 54 EK), all about 8 microns in diameter. They are microspined. Some 
occasional odd-shaped microscleres are probably abnormal variants rather than 
additional categories. . . es 
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Stelletta grubit was described by Schmidt, 1862, page 46, from the Mediterranean, 
and is the type of the genus. Later, many species have been added, but it seems 
that the supposed bases of difference between them and grubii in many cases are 
merely normal variations within a species or even within a specimen. Because 
of the multiplicity of names, however, the real distribution of grubii is not estab- 
lished. It is at least Mediterranean and West Indian, perhaps cosmopolitan or 
(rather) cireum-mundane. 

This multiplicity of synonyms is especially acute in the genus Myriastra, which 
is extremely closely related to Stelletta, but has only one kind of aster instead of 
two. In the West Indian region there is such a species, first described as Ancorina 
fibrosa by Schmidt, 1870, page 67, then as Pilochrota variabilis by Wilson, 1902, 
page 384, and then as Stelletta incrustata by Uliczka, 1929, page 47. The three 
names are here reduced into synonymy, to be called Myriastra fibrosa. Except 
for the aster situation, this species is much like Stelletta grubit. 


Family GEODIIDAE Gray. 


Sponges of this family are much like those of the Ancorinidae, except for the 
addition in Geodiidae of a distinctive and important variety of spicule known as 
the sterraster. This is essentially an aster with rays so numerous that scarcely 
any space is left between them, even at their tips. These tips are blunted, so 
that the surface is rather to be termed verrucose than hispid like the surface of an 
oxyaster. 


Genus Grop1a Lamarck. 

The megascleres of this genus are much like those of Stelletta, and so is their 
pattern or arrangement. Both genera have small oxyasters. In Geodia there are 
also the very characteristic sterrasters. These are first built as oxyspherasters 
with exceedingly numerous rays; such microscleres in various developmental 
forms may be found in the interior of Geodia, from very small up to 20 or 30 
microns in diameter. Then they are moved on out to the cortex and completed 
into the large, nearly spherical or ovoid, mature sterrasters. These are so abundant 
that they form more than half the volume, and much more than half the weight, 
of the cortex. They are strongly knit together by fibres and muscle cells, so that 
it is appropriate to term the cortex of Geodia a sterraster armour. In the genus 
Erylus a somewhat similar end product is arrived at from a different sort of aster 
to begin with ; its sterrasters can be recognized by their flattened shape, almost 
like discs rather than balls. 


GEODIA GIBBEROSA Lamarck. 
Bermuda specimens of this sponge are represented by British Museum (Natura! 
History) register number 1948.8.6.52. 
_ Date collected.—July 28, 1947, and many others. 
_ Locality—Harrington Sound, and the coasts of the Bermudas in general. 
Abundance-—Nowhere outstandingly common, this species is yet so very wide- 
spread that in the aggregate it is one of the common sponges of Bermuda, It is 
usually hidden, under rocks, in crevices, under other sponges, or algae. It is easily 
overlooked. 


‘ 
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Shape.—Amorphous, massive, always somewhat rounded at the edges. 

Size.—Elsewhere this species becomes head-size or larger, but no Bermudan 
specimens were found greater than fist-size. Larger ones doubtless occur. 

Colour.—The basic colour tends to be white, because of the refraction of light. 
by the sterrasters in the armour. On the surface of some specimens there occurs. 
a thin layer of dark rich blue, akin to that which almost always occurs on Terpios, 
insoluble both in alcohol and in water. Grey, even rather dark grey specimens 
are sometimes found, perhaps due to surface debris. The interior is often darker 
than the exterior, always dull coloured, a sort of drab. 

Consistency.—The cortex is stiff, like the leather sole of a shoe, and the interior 
is rather cork-like, with obvious tactile sensations of the abundant spicule content. 

Surface.—Smooth, but conspicuously punctiform. 

Oscules.—Difficult to tell from the pores. 


Fig. 55. 


Camera lucida drawing, x 666, of the spicules of Geodia gibberosa. A could be either end of one 
of the oxeas, or the pointed end of the rhabd of one of the triaenes. B shows the cladome 
of a mature triaene ; smaller, shorter-rayed spicules are common. This sort could be called 
an orthotriaene, or a plagiotriaene. C is the oxyeuaster, D the mature sterraster, and 
E an immature sterraster. It is important not to confuse this latter with a true oxvaster. 
The enclosed scale shows 20 microns by twos. 


Pores.—Probably because of the limitations produced by the sterraster armour, 
the inhalent openings of Geodia are often, perhaps usually, in the form of poro- 
calyces. These are nearly | mm. deep and about the same diameter. The oscules 
are so nearly this same size, not averaging any larger, that it is a long and laborious 
task to ascertain for any given opening whether it was an inlet or an outlet. 
Naturally most of the surface pits remain unexplored. These pits are not uniformly 
distributed at all. Large areas of the surface are completely imperforate, other 
areas are so full of holes that the partitions are narrower than the apertures. Some 
of these may be pore areas, some may be groups of oscules. 

Ectosome anatomy.—A tough cortex, 1 mm. thick or even slightly thicker. It is 
densely packed with sterrasters. 
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_ Endosome anatomy— Basically radiate, but as the sponge grows laterally the 
focal point is inevitably enlarged to become a focal area, and in this central area 
the structures are confused rather than neatly radiate. The protoplasmic structures 
are restricted to the scanty spaces between spicules. 

Skeleton.—The abundant megascleres are simple oxeas (see fig. 55 A), often 20 by 
3200 microns—some perhaps much larger. These are, in general, perpendicular 
to the surface, and here and there they may protrude somewhat. There are also 
orthotriaenes (see fig. 55 B) with rhabds of the same size as the oxeas ; their clads 
are upwards of 100 microns long. It is to be expected that the dicho modification 
would occur, but it is rare or wanting in Geodia gibberosa. The cladomes are, of 
course, usually parallel to the cortex and placed immediately below the cortex. 

There are abundant oxyeuasters (see fig. 55 C) in the endosome, 15 to 20 microns 
in diameter. The mature sterrasters (see fig. 55 D) are only about 40 microns in 
diameter in Bermudan specimens. This is commonplace, except that elsewhere 
some of them are found to grow considerably larger. 

The genus Geodia and the species gibberosa, its type, were established by Lamarck, 
1815, page 333, for specimens from the West Indies. This species (and apparently 
no others of the genus) is abundant through the whole region. It is doubtful if 
Geodias in other parts of the world belong to gibberosa, but the differences are not 
great. Average size of sterrasters, existence of anatriaenes, protriaenes, meso- 
triaenes or combinations of these are appealed to for species descrimination. 
Doubtless many described names for Geodia require to be dropped in synonymy. 


Family CRANIELLIDAE de Laubenfels. 


Sponges of this family have the radiate, corticate structure of the Choristida. 
‘The megascleres regularly include large oxeas, anatriaenes and protriaenes, all 
very much like the spicules of the other families of Choristida, but the plagiotriaenes 
and dichotriaenes which are so common in the other families are rare or quite 
absent. The microscleres are probably to be regarded as being asters, and further- 
more, to be homologous with the streptasters which occur in some members of the 
family Ancorinidae. The euasters which always occur in the Ancorinidae are, 
however, lacking from the Craniellidae. The microscleres that are present are 
usually (and probably correctly) classified as being spirasters, but this is not obvious. 
They are elongate and spiral or sigmoid, but at first glimpse they resemble smooth 
sigmas or sigmaspires with blunted, strongylote ends. It is usually possible, how- 
ever, to make out microspines over their surfaces, either with the high-power or 
with the oil-immersion microscope objective. The thoughtful criticism of this is 
to enquire if sufficient magnification might not reveal minute roughening on almost 
any and every microsclere. 


Genus CINACHYRA Sollas. 


This genus was later reported with the spelling Cinochyra, but the original 
and correct spelling is Cinachrya Sollas, 1888, page 23. Sponges of this genus are 
typical of the Craniellidae, with rather more hispid surface than most of the other 
genera have, and with the especial peculiarity that the inhalent openings are 
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situated in the concavities of extra large porocalyces. These inlets are much larger 
than the oscules, and may occupy special zones around the body of the sponge. 


CINACHYRA CAVERNOSA (Lamarck) Topsent. (See Pl. I, fig. 7.) 

Bermuda specimens of this sponge are represented by British Museum (Natural) 
History) register number 1948.8.6.53. 

Date collected.—June 30, 1947, and many others. 

Localities Harrington Sound, Walsingham Pond, and the coasts of the 
Bermudas in general. 

Abundance.—This species is extremely common in shallow water everywhere 
about the Bermudas. 

Shape.—Sub-spherical or oblate, flattened on top and on bottom. 

Size.—Specimens with a diameter as great as 8 cm. are fairly common. Smaller 
specimens are, of course, even more common. 

Colour.—The living sponge is rich ochre yellow. In alcohol this fades somewhat, 
but remains the same general hue. Dry specimens turn a dark brown, almost like 
amber. 

Consistency.—Firm, dense. This is the result of a moderately soft protoplasmic 
mass which is densely permeated with quantities of long siliceous spicules. One 
does not palpate this sponge extensively because of the cactus-like surface. 

Surface,—Extremely hispid, with a surface-plush which is as much as 4 or 5 mm. 
high... 

Oscules.—Small, contractile, probably up to 200 microns when fully expanded. 
They are numerous and scattered on the upper surface of the cake-shaped sponge. 

Pores.—The inhalent openings of this genus were long mistaken for oscules. 
Each porocalyx is 5 to 8 mm. in diameter ; a few are round in outline, but the 
great majority are decidedly elliptical. The spicules of the surface radiate from 
them like the petals of a sunflower or daisy when the calyx is fully opened, but its 
surrounding tissue is muscular, and when the calyx contracts, the tall spicules 
are so bent inwards that they form a bristling protection quite covering the opening. . 
If the sponge grows in the vicinity of sand, which was observed to be the case at 
the west end of the Bermudas, the tall spicule fringe is bent so as to serve as a 
grating or sieve to keep sand particles out of the porocalyx. The lining of the 
calyx is smooth, punctiform, with very contractile inhalent apertures thickly 
disposed about it. These may possibly open to as great a diameter as 70 microns. 
The porocalyces are placed in an equatorial zone about the sponge, leaving the lower 
surface imperforate (on the substrate) and the upper surface exhalent. 

| Ectosome anatomy.—There is a definite, contractile and fibrous cortex, but it is 
thin as compared to the size in most Choristids—usually under 50 microns thick. 

Endosome anatomy.—Pronouncedly radiate, with huge masses of spicules arranged 
in fascicular columns which are perpendicular to the surface. The protoplasmic 

structures are actually so scanty as to be inconspicuous (and even overlooked) in 
the interstices between these spicule tracts. 

Skeleton.—The chief spiculation consists of vast numbers of me oxeas foee fig. 
56 A), 35 by 3500 to 50 by 7000 microns. They are perpendicular to the 
surface of the sponge, and some of them protrude as much as 4 or more mm. 


/ 
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beyond the organic surface. Among them are slender spicules (see fig. 56 B) at 
least as thin as 3 microns, and at least as long as 1000 microns. Some are doubtless 
developmental forms of the oxeas, others of the triaenes. There are anatriaenes, 
chiefly in the surface-plush, cladomes out (see fig. 56 C), their clads often as long 
as 50 microns, rhabd diameter only about 5 microns. There are also protriaenes, 
likewise chiefly in the surface-plush, cladomes outward (see fig. 56 D), clads up 
to 50 microns long, rhabd diameter about 10 microns. 

There are also abundant, but very inconspicuous microscleres. These are 
blunt-ended sigmas or sigmaspires, completely microspined, only 10 microns in 
total chord length. 


Fig. 56. 


’ Camera lucida drawing, <x444, of the spicules of Cinachyra cavernosa. A shows a very brief 
fraction of the mid-portion of one of the mature oxeas, for size comparison. None of the pointed 
ends are illustrated, as they are quite commonplace, as illustrated for the preceding species. 
B shows a bit of one of the thinner spicules, again for size comparison. C illustrates 
the anatriaene and D two of the protriaenes. The microscleres are shown to scale at E. 
The enclosed scale shows 20 microns by twos. 


This species was described as T'ethya cavernosa by Lamarck, 1815, page 70, 
and transferred to Cinachrya by Topsent, 1931, page 5. There are quite a few 
species names in the genus Cinachrya, indicating a world-wide distribution. It is 
very difficult to say of many within the group how they differ from cavernosa ; 
it is the oldest species name in the genus, and doubtless some (but which ones ?) 
should be dropped in synonymy. It is my surmise that the species cavernosa is so 
widespread that one may term it cosmopolitan. Lamarck’s specimen is thought 


to be from the Indian Ocean, and the Bermudan specimens match it fairly. 


Order CARNOSA Carter. 


The sponges of this order are also tetraxonid, as are those of the order Choristida. 
They are, however, different in structure. The radiate plan is usually absent, the 
cortex is only feebly developed if at all, but the flesh or protoplasmic portion is 
very much in evidence, hence the name. This implies less extreme abundance of 
silica, and it is true that large spicules are rare in this group—the majority of the 
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species of Carnosa have only exceedingly small spicules, or even have only micro- 
scleres, and in one case no spicules at all (Chondrosia). In a few species there are 
a few, scattered, long triaenes, seeming to indicate an evolution from Choristida. 

The typical spicule of the Carnosa (though not quite always present) is the 
calthrops. This is microsclere size, a tetraxon with four equal rays as widely 
divergent from one another as possible, like the perpendiculars to the surfaces of an 
equilateral tetrahedron. This is usually considered to be a very small triaene, 
but some calthrops may be euasters with only four rays—such spicules certainly 
-do occur in sponges of the Epipolasida (see Hpallax, above) and Choristida. 


Family HALINIDAE de Laubenfels. 


The sponges of this family are quite typical of the order. They do not have the 
the long-shafted triaenes which render Poecillastra and other Plakinastrellidae 
‘somewhat atypical, nor do they lack the tetraxons as do the Chondrosiidae. 


Genus Samus Gray. 


The sponges of this genus are so remarkable that Sollas, 1887, page 423, gave 
them a family all their own. Almost the only objection to this is that it unduly 
multiplies the number of families, and that only small imperfect specimens of 
Samus have as yet been discovered. The principal spicules of Samus are amphi- 
triaenes, and are very distinctive. They are somewhat like two calthrops joined 
together, or—as their name implies—a pointless rhabd with a cladome at each 
end. Lumpy sigmoid spicules also occur, resembling microscleres (sigmaspires), 
but they are about the same size as the amphitriaenes. The whole order Carnosa 
has been called ‘‘ Microsclerophora ” (Minchin, 1900, page 147, also Sollas). The 
sponges of this genus not only have exclusively very small spicules, but are also 
themselves exceedingly minute. They are found, for example, in the 1 mm. 
diameter burrows of Cliona, or is the Samus itself an excavator, a boring sponge 
like Cloona ? 


SAMUS ANONYMA Gray. 

Bermuda occurrence of this species is, at the moment, represented only by a 
microscope slide in the author’s possession. 

Date collected.—July 16, 1947. 

Locality.—Castle Harbour, Bermuda, north of the west end of the causeway. 

Abundance.—Very rare. 

Shape.—This species is usually amorphous. 

Size.—This species is usually extremely small, almost microscopic. 

Colour.—Nondescript. 

Consistency.—Mediocre. 

Surface.—There seems to be no special surface structure known. 

Oscules.—Very small sponges are commonly lipostomous. 

Pores.—As noted for the oscules. ; 

Ectosome anatomy.—No specialization is described. 

Endosome anatomy.—Confused. 

Skeleton.—Amphitriaenes and lumpy sigmaspires. 
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In 1867, page 526, Gray erected for anonyma the new genus Samus. Some other 
species names have been put here since, but every one is either quite unrecognizable 
or has been removed to some other genus. This one species, anonyma, seems 
to be confined to the West Indian region. _ I found it near the Dry Tortugas, north 
of Cuba, on June 22, 1932, but this was a record fully as fragmentary as this 
Bermudan record. | 

On the 16th of July, 1947, in the Bermudas I collected a specimen of Dysidea 
fragilis, already described in this paper. It contained, as is characteristic of that 
species, a number of obviously foreign spicules. Among them were two of the 
very distinctive amphitriaenes of Samus anonyma, familiar to me from my study 


Fig. 57. 


n 


Camera lucida drawing, x 666, of the two spicules upon which are based this record of the occurrence 
of Samus anonyma in the Bermudas. The enclosed scale shows 20 microns by twos. 


of the species in 1932. This is excellent evidence that the species occurs in the 
Bermudas. The other conceivable alternative is that some as yet undescribed 
but related species so occurs. It may be that when better specimens are found, 
a new name will prove to be necessary, but on the basis of present evidence that 
is not warranted. 

More specimens of Samus should be sought. They are to be expected deep 
within holes in limestone, or’in deep, narrow fissures. They will probably be 
minute, and so nearly the colour and appearance of the limestone as to be easily 
overlooked. It may be that this sponge is not so much extremely rare as it is 
extremely well hidden and unnoticed. There must have been the sponge present 
for the Dysidea to have obtained its distinctive spicules. 


| Genus PLakortis Schulze. 


The sponges of this genus are fleshy, with only small spicules, as warranted 
by the names “ Carnosa” and “ Microsclerophora”’. The spicules are chiefly 
diactinal, but have one, two or even three bends in the middle, which indicates 
that they are reduced polyactinal spicules, probably calthrops. An occasional 
triactine is also found, which is seldom or never regular, but instead is sagittal or 
alate (“‘ T ”’ shaped). 
s2 
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_ PLAKORTIS SIMPLEX Schulze. 


Bermuda specimens of this sponge are represented by British Museum inde 
History) register number 1948.8.6.54. 

Date collected.—August 8, 1947. 

Locality — Walsingham Pond, Bermuda. 

Abundance.—One specimen. 

Shape.—Encrusting. 

Size.—1 cm. thick, 4 by 5 cm. in area. 

Colour.—The living sponge was brown. In alcohol it has become slightly duller, 
and the fluid has become brown. 

Consistency.—Firm, dense, like cheese. 

Surface.—Kssentially smooth, microtuberculate. 

Oscules.—Five are in evidence, each a little over 1 mm. in diameter, with rims 
just slightly raised. 

Pores.—Abundant, 30 microns in diameter. 


Fig. 58. 


as 


Camera lucida drawing, x 666, of the spicules of Plakortis sumplex. The enclosed seale 
shows 20 microns by twos. 


Ecotosome anatomy.—The pores open’ directly into canals which are also 30 
microns in diameter, and which go almost perpendicularly down into the sponge. 
The flagellate chamber region also comes very nearly to the surface. There is, 
therefore, no special dermal structure in evidence. ‘ 

Endosome anatomy.—Very few visible cavities exist in this extremely compact 
sponge. The spicules are tucked away in the walls between the chambers. These 
latter are abundant, round, 30 microns in diameter. 

Skeleton.—As is typical of the genus Plakortis, the spicules seem at first to be 
oxeas. Then it is noticed that a few siliceous triaxons are present, perhaps amount- 
ing to as much as one per cent. of all the spicules. Then one notices that many 
of the common spicules have sharp kinks in their middles, a few are once bent, 
making “‘ V’s”’ ; more are twice bent, so that the two extremities are again nearly in 
line with each other. It is doubtful that any of the spicules are simply or genuinely 
oxeas. Common sizes are 2 by 80 to 3 by 100 microns. The triaxons have rays 
about 3 by 45 microns. 

This species was described by Schulze, 1880, page 430, from the Mediterranean. 


= 
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It is widely distributed, including West Indian and Australian records, the only 
species of the genus. 

In 1936, page 178, I described a sponge from the Dry Tortugas, north of Cuba, as 
Roosa zyggompha, new genus and new species. Topsent, in 1937, page 1, pointed 
out that this was Schulze’s Plakortis simplex, with which sponge he was familiar. 
Such indeed proves to be the case, and both genus and species must be dropped 


into synonymy. 
o Family CHONDRILLIDAE Gray. 


The sponges of this family are less provided with spicules than are the other 
families of Carnosa already discussed—they have, at most, only such as may cer- 
tainly be termed microscleres (euasters) and some of them have no spicules at all. 
The emphasis on flesh that is here found well merits the name Carriosa. 


Genus CHONDRILLA Schmidt. 


Sponges of this genus have oxyspherasters in moderate abundance, but no 
other mineral skeleton. They only other genus of the family is Chondrillina 
de Laubenfels, which has not only euasters but also spirasters in addition. 


CHONDRILLA NUCULA Schmidt. 
~ Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.55. 

Date collected.—June 30, 1947, and many others. 

Locality Harrington Sound, Walsingham Pond and shallow water about the 
coasts of the Bermudas in general. This species also occurs abundantly, self- 
propagated or “ volunteer ”’ in the running sea-water aquariums of the Government 
Aquarium at Flatts. These aquarium specimens do not reveal any differences 
from those found in the ocean. 

Abundance.—This species is extraordinarily common in the Bermudas, in all 
marine, shallow-water areas. It is locally known as “ chicken liver ’’, a name very 
appropriate to its size, shape, surface and consistency—and only slightly inappro- 
priate as to colour. It was possible in the summer of 1937 to collect Chondrilla 
literally by the bucketful. 

Shape.—lIrregular, but always rounded. Mn specimens are hemispherical. 
It may undergo extensive lateral growth, so that it gives somewhat the impression 
of being encrusting, but it is quite different from the many sponges that begin, 
while small, by being crusts, and then later thicken to become massive. Young 
Chondrillas are nearly spherical ; it is the large, old colonies that are so wide in 
proportion to their (considerable) thickness. 

Size.—The masses are commonly 2 cm. thick, and they may extend laterally as 
much as 5 to 10 cm. 

Colour.—The living sponge occurs in various shades of grey, or brownish grey, 
darker in the places that have been the more brightly illuminated. It often 
seems that there is a paler region around each oscule. The hole appears dark, 
partly because its lining is pigmented, partly because it is shaded. Thus the 
oscules are like targets or bull’s eyes, rather conspicuous. The interior is always 
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a pale greyish drab. These dull colours persist in preserved specimens too. Dried 
specimens turn almost black, very hard and shrivelled, so that they cease to look 
or feel like sponges at all. 

Consistency.—Extremely cartilaginous. 

Surface.—Smooth, shining and glistening. 

Oscules.—In life very conspicuous, dark dots 2 mm. in diameter, each in the 
centre of a pale area.' They are, however, very contractile, and can scarcely be 
found in preserved specimens as a result. There may be one oscule for every 
3 square cm. of surface, or again there may be fewer oscules. 

Pores.—Microscopic and contractile. 

Ectosome anatomy.—There is an outer region, 150 to 200 microns thick, which 
contains few or no flagellate chambers, but does contain a disproportionately large 
amount of the pigmented cells. This cortex also contains practically all of the 
spicules. 


Camera lucida drawing, x 666, of the spicules of Chondrilla nucula. The enclosed 
scale shows 20 microns by twos. 


Endosome anatomy.—Very dense, the longest canals still are often smaller than 
150 microns in diameter. The flagellate chambers are small and spherical. 

Skeleton.—Siliceous spherasters are abundant in the cortex of this sponge. 
They are 18 to 26 microns in diameter, average about 20 microns. The non-living 
colloidal jelly is rather more noticeable in these Carnosa than it is in sponges 
_ which are more filled with large spicules. Actually, such a mesogloea is probably 
important in all sponges. It is rather thoroughly congealed (stiff rather than 
semi-fluid) in Chondrilla ; this is favourable to the sponge, because of the lack of 
mineral stiffening. 

This species, and the genus of which it is type, was established by Schmidt, 1862, 
page 39, for Mediterranean specimens. It is also common throughout the West 
Indies, recorded—for example—by Wilson, 1902, page 386, from Puerto Rico. 

It is not recorded in my treatise of the sponges of the Dry Tortugas (de Lauben- 
fels, 1936, page 182), but in the summer of 1936 I did find it there, north of Cuba. . 
This occurrence has not previously been published. 


Family CHONDROSIIDAE Schulze. 


The sponges of this family having none, are the least provided with spicules 
of all. This extreme skeletal situation, only jelly being present, would 
seem to cause Chondrosiidae to lie close to the Halisarcidae in the Keratosa. In _ 
tact, earlier sponge workers sometimes did put the two into a single family. Vosmaer 
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in Bronn’s ‘ Klassen und Ordnungen des Thier-reichs’, page 325, puts the two 
families into a suborder, Oligosilicina. But it is clear that Chondrosiidae are 
separated from Chondrillidae only by lack of the asters—in fact, it is difficult in 
field or laboratory to tell Chondrosia from Chondrilla, and Chondrilla grades into 
the other Carnosa. On the other hand, Halisarca is a conulose sponge, with a 
somewhat spongin-like dermis, and with large, sack-shaped, flagellate chambers. 
It thus closely resembles the clearly Keratose family Aplysillidae. One may 
recall that portions of Aplysillid sponges are sometimes devoid of skeleton, although 
fibres are elsewhere present. 


Genus CHoNDROSIA Nardo. 


Sponges of this genus are very fleshy ; the original species (type) is called 
reniformis, the “ sea kidney”, which gives an idea of its general appearance. 


_CHONDROSIA COLLECTRIX (Schmidt) de Laubentels. 


Bermuda specimens of this sponge are represented by British Museum Ne 
History) register number 1948.8.6.56. 

Date collected.—July 12, 1947. . 

Locality—Hungry Bay, on the south shore of Bermuda. 

Abundance.—Only one specimen was collected. It may be, however, that 
Chondrosia is more common than this would seem to indicate. Chondrilla is very 
abundant, and pale specimens of Chondrosia would readily be confused, hence 
overlooked. _ Thus at Tortugas for several years’ collecting, the Chondrillas were 
overlooked, being confused with pale specimens of Chondrosia. 

Shape.—Rounded, at first nearly spherical, but becoming kidney-shaped or 
lobate as the sponges grow laterally. 

Size.—The Bermuda specimen is a little more than 1 cm. thick. Horizontally 
it covers about 4 by 5 cm. 

Colour.—The living sponge was black on those portions of the exterior where 
it was struck by greatest illumination, in this case nearly full sunlight. Elsewhere 
it was grey, palest where most shadowed. ‘The interior is always greyish drab. 
The colour bleaches only slightly in alcohol. Dry specimens look very black and 
not at all like sponges, very shrivelled and hard. 

Consistency.—Extremely cartilaginous. 

Surface.—Smooth, shining, glistening. 

Oscules.—A few scattered oscules occur at one place on this specimen ; they are 
about 1 mm. in diameter and 5 mm. apart. They have thin collars about 1 mm. 
high around each. The residue of the sponge shows no oscules. 

Pores.—This species is described in the literature as having pores up to 100 
microns in diameter. In the Bermuda specimen they could not be located, due 
to their contractility. 

Ectosome anatomy.—There is an outer cortical region about 250 microns thick 
that contains few or no flagellate chambers, and does contain an extra large number 
of the pigmented cells. 

Endosome anatomy.—Very dense. No canals of greater diameter than 100 | 
microns could be found. The flagellate chambers are small and round. 
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Skeleton.—A cartilaginous gel or stiffly colloidal ground substance is the only 
skeleton of Chondrosia. Such a gel is entirely responsible for the framework 
rigidity of Chondrilla, and a major item in the support of all the Carnosa. In fact, 
skeletal jellies are quite important in most sponges. | 

This species was first described as Cellulophana collectriz by Schmidt, 1870, 
page 25, from the West Indies, to which locality it may be restricted. It differs 
from the older species of Chondrosia, that is to say, reniformis, in its tendency to 


Fig. 60. 


Camera lucida drawing, x 150, of a section of Chondrosia collectrix perpendicular to the surface. It is 
lettered as follows: O=oscule. C=cloaca. P=heavily pigmented cortex. E-endosome 
with chambers. The pale region intermediate between P and E is probably the region of 
contractile or muscular tissue. The enclosed scale shows 100 microns by tens. 


black colour. It is by this that it is most likely to be recognized in the field as. 
contrasted to the common Chondrilla. At the Dry Tortugas it was Chondrosia 
that was the commoner, in the Bermudas the Chondrilla predominates. The two 
genera are found in similar situations and are obviously interrelated. 

The genus Cellulophana which Schmidt employed is not Porifera, but Chordata— 
that is to say, an ascidian. It is very difficult to discriminate in the field between 
Chondrosia collectrix and some of the abundant blackish ascidians which occur in 
the West Indies. 


Class HYALOSPONGIAE Vosmaer. 


Sponges of this class usually have a unified, continuous skeleton of siliceous 
strands somewhat like the steel framework of a modern building. Like the metro- 
politan building, however, the framework is really made of separate beams. 
(spicules), which are then fastened together, and in some of the Hyalospongiae 
the spicules are, at least temporarily, separate. Even in those cases they so 
interlock, and are cemented by organic material that a somewhat rigid net results. 
The protoplasmic structures are rather widely scattered on this framework, the 
whole living thing being very open-work, not a tight system of canals and small 
chambers. 

The Hyalospongiae are confined to deep water. In the warmer portions of the 
world they are not to be expected at less than 500 or 1000 metres—that is to say, 
so deep that the water is cold. In the Antarctic, under the ice sheet (and nowhere 
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else) they come to within 100 metres of the surface. Since this account is of the 
shallow-water sponges of, the Bermudas, and only shallow water collecting is here 
reported, no sponges of this class are here available. 


Class CALCISPONGIAE Schmidt. 


Sponges of this class always have a skeleton of calcium carbonate. Inasmuch 
as none of the others ever do, this alone is a sharp line of demarcation. Another 
distinction is that the cells of the Calcispongiae are two or more times as large as 
the corresponding cells of the Demospongiae and Hyalospongiae. Only in 
Calcispongiae do sponges occur with the first two types of sponge architecture, 
that is to say, ascon and sycon. There are Calcispongiae with the third type of 
rhagon architecture, but even so, the gap between this class and the other two is 
very great. In both the other two, but never in Calcispongiae, there are astrose 
microscleres. In both the other two, but never in Calcispongiae, there are micro- 
scleres of the birotulate type, amphidiscs as in some fresh-water sponges (Meyenia), 
in Hyalonema, and in Iotrochota ; chelas asin Myzilla. Yet the tetraxons, triaxons 
and oxeas of the Calcispongiae resemble similar spicules that occur in the Choristida, 
or even more, some of those in the Carnosa. 


Order SYCONOSA de Laubenfels. 


Sponges of this order are characterized by the spongocoel. ‘This is a relatively 
large, axially placed cavity, leading outward to a single oscule, and receiving 
directly from the flagellate chambers. These chambers are large sack-shaped and 
in general, or on the average, are perpendicular to the spongocoel, radially arranged 
around it. Thus the spongocoel corresponds to, and is homologous with the 
exhalent canals which in most sponges lead to the oscular cloaca. The type or 
architecture of the Syconosa has long been known as syconoid—the order takes its 
appellation from the structure. All of the order have this structure, at least in a 
transitory way. In some few the spongocoel branches, giving rise to a rhagonoid 
structure somewhat like that present in the majority of sponges ; this is especially 
the case in the Leuconiidae, and is true in a very modified, incomplete way of some 
of the Djeddeidae and Amphoriscidae (two families that probably need to be 
merged). There is much closer resemblance between the architecture of the 
Syconosa and the Hyalospongiae than between Syconosa and Demospongiae. 
In fact, the Hyalospongiae may be said to be semi-syconoid, and their largest 
cavity may still be a spongocoel. 


Family LEUCONIIDAE de Laubenfels. 


This family was established by de Laubenfels, 1936, page 194, as a subfamily of 
Grantiidae, characterized by the well-developed cortex and subdermal spaces. 
The Grantiinae, which remain as the only Grantiidae, are otherwise typically syco- 
noid, but the Leuconiidae have the branching spongocoel and “ leuconid ” structure. 
I have come strongly to feel that the structure of Leuconia is to be regarded as 
rhagon, so that if we use the term “ leuconid ”’ architecture, it must be as a minor 
variant of the rhagon, just as the term “ sylleibid ” has long been regarded. This 
structural difference is so great that the group is worthy of full family rank. 
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This need not increase the number of families. As de Laubenfels, 1936, page 197, 
points out, the Djeddeidae de Laubenfels=Heteropiidae Dendy are very close 
to the family Amphoriscidae Dendy. The sponges of the latter group have radially 
placed orthotriaenes, cladomes near the surface, their enormous rhabds per- 
pendicular and radiate. The Djeddeidae may do so likewise, but Dendy was 
convinced that the enormous portion of the corresponding spicules was not a rhabd, 
but an over-developed clad—that the three short rays were the other two clads 
and the rhabd. A slight variation in the angle of branching will produce this — 
effect, and Dendy’s conclusion is by no means inescapable. Even if he were 
correct, which I doubt, this is hardly enough for more than subfamily differentia- 
tion, therefore I here propose to merge Djeddeidae into the one family 
Amphoriscidae. 

Sponges of the family Leuconiidae have a cortex, separated by extensive sub- 
dermal spaces from the underlying tissues. They also have large, even relatively 
enormous cloacas, more or less axially placed. The spongocoels which open into it 
are so narrow in proportion to it, that the rhagon type of architecture is attained, 
although the young sponge is said to pass through an intermediary syconoid stage. 


Genus Lrvuconta Gray. 

Sponges of this genus have a special dermal skeleton made up of tangentally 
placed rays of spicules, or entire spicules placed tangentally. Deeper than that 
the principal skeleton is confused. There are typically diactinal spicules present, 
and these are always arranged perpendicular to the surface. Both triaxon and 
tetraxon spicules also occur. 


LEUCONIA ASPERA (Schmidt) de Laubenfels. 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.58. 

Date collected.—June 30, 1947, and many others. 

Locality— Harrington Sound, Walsingham Pond, and various places on the 
north shore of the Bermudas. 

Abundance.—An hour’s collecting in any of the above-mentioned localities should 
always yield at least one specimen of Leuconia, but these sponges hide in crevices 
and under stones so that they are easily overlooked. They are locally known by 
the very inappropriate designation of “ glass sponges ”’ 

Shape.—Cylindrical, hollow, slightly contracted at each end. The central 
cavity or cloaca in larger specimens has a diameter which is half the total diameter 
of the sponge, but in smaller specimens it is less than half the total diameter— 
thus it evidently enlarges faster than the walls about it thicken. 

Size.—Specimens were found up to 55 mm. high and 20 mm. in diameter ; these 
would be referred to as “ larger’. Much more often one finds specimens less than 
20 mm. high ; these would be referred to as ‘“‘ smaller ” 

Colour.—Basically white. Some specimens are glassy, glistening white, hence 
the local misnomer. Usually, however, enough foreign debris occurs on the 
outside of this sponge to render it pale grey or pale drab. The preserved specimens 
—hboth dry and pickled—darken as compared to the appearance in ee unless they 
are macerated. 
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Consistency.—Fragile, brittle—but there is enough cohesion due to the inter- 
locking spicules so that specimens will retain their shape even though handled, 
if they are handled carefully. 

Surface.—Hispid. In the larger specimens the spicule plush is extremely dense, 
as in velvet—the “nap” of hispidating spicules projects 2 or 3 mm. beyond the 
organic surface of the sponge. 

Oscules.—Apical, solitary, and in size as great as 10 mm. in the larger specimens. 
The oscule tends to have the same diameter as that of the cloaca. A high, thin 
palisade of erect spicules (coronal fringe) surrounds each oscule. A_ serious 
likelihood of confusion exists, however, in that environmental buffeting may 
break off this coronal palisade. Several Bermudan specimens were found that 


Fig. 61. 


Camera lucida drawing, <x 100, of the spicules of Leuconia aspera. A shows a small fraction of the 
mid-portion of one of the coronal oxeas ; B shows one of the ends of one of the hispidating 
oxeas ; the mid-portion is not illustrated. At C one may observe a large and a small triaxon ; 
these illustrate the general size-range of the triaxonid spicules of this species, but do not show 
extreme maximum nor extreme minimum. D illustrates the tetraxons. The enclosed scale 
shows 100 microns by tens. 


superficially appeared to have smooth, non-crowned oscular rims. Microscope 
study was necessary to discover the broken ends of the fringe that had actually 
been present, in one sense of the word that was still present. 

_ Pores.—Abundant, so that the walls between them are thinner than the pore 
diameter ; this measurement is from 25 to 50 microns. 

Ectosome anatomy.—There is a cortex or protoplasmic dermis about 15 microns 
thick, permeated by the pores, and supported by enclosed, tangentally placed rays 
of spicules. 

Endosome anatomy.—Rhagon architecture, with flagellate chambers so densely 
crowded together that their outlines therefore become polygonal. They are often 
60 to 70 microns in diameter, but owing to the crowding, odd shapes are assumed, 
for example, some are elongate, flattened, 30 by 80 microns in cross-section. 

Skeleton.—There are four categories of spicule present. First, the oxeas of the 


coronal fringe (see fig. 61 A)—8 by more than 5000 microns—nearly always broken, 
T2 
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so that maximum length cannot be determined. Second, the oxeas that hispidate 
the surface (see fig. 61 B), 100 by more than 4000 microns. Again, those that 
would have yielded the maximum length measurements seem always to have 
been broken—therefore unbroken ones always are still not full size. Third, triaxons 
-of the surface and of the chamber walls (see fig. 61 C) usually with rays 35 by 350 
microns. A few are so large that their rays are 65 by 650 microns. A somewhat 
larger minority are smaller, say with rays 10 by 100 microns. These may represent 
an additional category, but seem more likely to be merely undeveloped spicules 
of the third category. Fourth, tetraxons, chiefly of the lining of the cloaca (see 
fig. 61 D); their rays are about 8 by 80 microns, but one of the four rays is usually 
shorter—say 50 microns only. This ray may project into the cloacal cavity while 
the other three, like a cladome, lie tangentially in the wall of this cavity. 

This sponge was first described as Sycon asperum by Schmidt, 1862, page 15, 
and is here transferred to Leuconia. It is common in Europe, has been recorded 
from the Arctic and from the Azores, and now Bermuda. 

The genus Leuconia was established by Grant, 1834, page 199, and is a large one, 
with numerous species in many parts of the world. Those most interesting in 
connection with the Bermudan specimen are as follows. 

Leuconia barbata was described by Duchassaing and Michelotti in 1864, page 111, 
as Medon barbata. It is the common Leuconia of the West Indian region, and 
may be distinguished from aspera by its lack of coronal spicules. Some Bermudan 
Leuconias superficially appear to be barbata because their oscular fringe has been 
rubbed off. In other respects the two species are very similar. One must search 
the oscular rim with the microscope to dis unless the oscular fringe is 
obviously present. 

Lambe, 1900, page 32, Hes a sponge from the American Arctic much like 
the Bermudan sponge, as Leucandra valida. This may be a record of Leuconia 
aspera, inasmuch as aspera has been elsewhere recorded from. the Arctic ; but in 
the same article, page 34, Lambe describes Leucandra cumberlandensis from the 
same locality as his valida. This, which of course should be Leuconia cumber- 
landensis, has distinctive long-shafted protriaenes. It may be that his valda 
represented specimens of cumberlandensis in which the protriaenes were rare. 

Poléjaeff, 1884, page 54, described Leuconia muliriformis from “ Bermuda ” 
but actually from rather deep water offshore, hence not in the ecological region 
that is treated in the present article. It is here suggested that this species is in no 
described detail different from, and should be dropped in synonymy to, Leuconia 
nivea (Grant). In the same article, page 56, Poléjaeff described Leuconia typica 
from “‘ Bermuda ’”’, with oxeas somewhat different in size from the oxeas of his 
multriformis. This also falls within the range of variation of nivea, and typica 
should be dropped in synonymy to nivea. On page 58, Poléjaeff described Leuconia 
rudifera “‘from Bermuda”, which seems to be a valid species, but neither it nor 
nivea should be added to the fauna that is recorded in the present article. On 
page 65 he described Leuconia dura “‘from Bermuda’’. Dendy and Row, 1913, 
page 734, wisely transferred this to Leucetta. It is probably Leucetta floridana, 
as discussed below, but represented by just such reef-modified specimens of 
floridana as I found in the reefs in 1947, 
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Levconia crustTAckaA (Haeckel) de Laubenfels. 


Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.59. 

Date collected.—July 9, 1947 and August 8, 1947. 

Locality Walsingham Pond, Bermuda. 

Abundance.—Two specimens found. 

Shape.—A contorted cylinder (see fig. 62 B) tapering slightly at the ends. It 
is hollow, with walls only about 1 mm. thick, hence the cloaca is relatively huge. 

Size.—50 mm. high, 15 mm. in diameter. 

Colour.—In life and in alcohol, nearly white. 

Consistency.—F ragile. 

Surface.—Slightly lumpy, but not hispid. 

Oscules.—The single apical oscule has a thin,:sharp rim, like the edge of a sheet 
of paper. Even with the microscope there is no trace of coronal fringe ; the rim 
is stiffened with horizontal, tangential rays of the sagittial triaxons, and filled in 
with cellular protoplasmic material right up to the very brim. The oscule has a 
diameter of 6 mm. and its cloaca about 5 to 8mm. The (exhalent) openings into 
the cloaca are about 1 mm. in diameter, and are only about 1 mm. apart, centre 
to centre. 

Pores.—Abundant, 50 microns in diameter. 

Ectosome anatomy.—There is an organic dermis, chiefly protoplasmic, about 
10 microns thick. 

Endosome anatomy.—Pronouncedly rhagon type, with rounded, flagellate 
chambers crowded together. The canals to and from them are relatively quite 
short, as a concomitant to the thinness of the wall of this species. There are 
many spicules in the walls, probably more volume of spicule than protoplasm. 
The flagellate chambers are all about 40 microns in diameter. 

Skeleton.—There are about equal numbers of triaxons and tetraxons, with rays 
varying in size all the way from 5 by 100 to 50 by 750 microns. In the triaxons 
one ray is often longer than the other two, and in the tetraxons one ray is often 
shorter than the other three. Near the oscular rim the triaxons are large and 
sagittal (“T” shaped), with the crossbar parallel to the rim, the long rhabd 
tangential to the surface, perpendicular to the rim, always pointing away from the 
rim. 

The spicules of Leuconta crustacea are amazingly crooked. As a rule, spicules 
are symmetrically curved or straight, often as straight as a ruler. An occasional 
crooked ray, or crooked monaxon can be found. In the present species this is 
reversed. By diligent search one might find an occasional straight ray, but 
practically all are crooked, even very crooked. It is common to find rays with 
four to seven rather angular bends. ; 

This species was described by Haeckel, 1872, page 146, from West Indian 
material ; that is rather to say, from the coast of Venezuela, near Caracas ; the 
specimens were sent to Haeckel by a collector named Gollmer. His specimens were 
white crusts on a crustacean, but the structure and especially the extremely peculiar 
spicules of Haeckel’s sponges are so much like those of the Bermudan species as to 
make it practically certain that the two are conspecific. 
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This sponge is very distinctive, not likely to be confused with other members 
of the genus Leuconia. In fact, it may well be argued that a new genus should be 
erected for it, emphasizing not only the extremely crooked spicules but perhaps 
also stressing the somewhat unusual lack of oxeas. 

Haeckel described this as Leucaltis crustacea. It is not a satisfactory member 
of that genus, which has a type of architecture intermediate between ascon and 
and rhagon, therefore it is here transferred to Leuconia. As already remarked, - 
this is not necessarily final, as a new genus may be required. 


Fig. 62. 


Camera lucida drawing (A) of the spicules of Leuconia crustacea, x150. One of the smaller 
triaxons and one of the medium-sized tetraxons are shown complete. Of one of the large-sized 
sagittal triaxons the rhabd is illustrated, and the basal (but not the distal) portions of the 
two clads. The enclosed scale shows 100 microns by tens. B is a sketch of the entire sponge, - 
life size. 


Mention may be made of a Leucaltis record near, but not quite in the area that 
is discussed in the present article. Poléjaeff, 1884, page 45, described as a new 
species Heteropegma nodusgordii ‘‘ from Bermuda ’’—actually from deep water — 
offshore. Dendy and Row, 1913, page 790, show that this is the species that 
Haeckel, 1872, page 159, described from Florida as Leucaltis clathria, the type of 
the genus Leucaltis. 
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Family SCYPHIDAE de Laubenfels. 


The sponges of this family are the simplest of all the sycon sponges. Unlike 
the Grantiidae, they do not have a cortex or dermal layer around the outside of 
the sponge, enclosing subdermal spaces, but the rounded ends of the flagellate 
chambers stick out naked, roughly perpendicular to the long axis which is formed 
by the spongocoel. Thus the architecture is like a lot of little ascons erect around 
a spongocoel into which they all discharge their water. 


Genus ScyPHa Gray. 


The sponges of this genus are quite typical of the family description, without 
other peculiarities. They are often used in beginning courses of zoology as though 
they were typical of the whole phylum Porifera. 


ScypHa cruiATa (Fabricius) de Laubenfels. 

Bermudan specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.62. 

Date collected.—August 9, 1947. 

Locality. Rene avone Bay, berets under rocks on the shore, on below low 
tide. 

_Abundance.—Nine small specimens were found. Were one to search especially 
for this type of sponge, doubtless it would prove to be more common than appears 
to be indicated by the small number of 1947 records. 

Shape.—Typical sycon or vase-shape, cylindrical, bulging ‘centrally, with a 
conspicuous oscular crown. 

Size.—The largest Bermudan specimen is 12 mm. long, about 3 mm. in diameter. 
Measurements are a little difficult to assign, owing to obscuring spicule projections. 

Colour.—White in life and in alcohol. 

Consistency.—Fragile. 

Surface—Pronouncedly hispid. 

Oscule.—Single, apical, about 1 mm. in diameter. 

Pores.—The inhalent openings to the flagellate chambers are at the most 5 to 10 
microns in diameter, and are very difficult to find, even with the microscope. 
Actually these are rather appropriately termed prosopyles, and there are no true 
pores present at all. Some scientists call these prosopyles “‘ pores” and give the 
name ostia to the usual inhalent openings of the Porifera (singular, ostium) ; 
this name is not popular, and it is very difficult to anglicize it. The phylum 
received its name from the numerous small inhalent apertures, and while they 
are not exits, as in human pores, the name is well established and should not 
be altered to ostium. In some species of Scypha the spaces between the chambers 
are partially blocked off from the outside world by partial partitions between the 
chamber ends. The holes through these barricades do correspond to true pores, 
but the present species has no true pores. 

Ectosome anatomy.—The present species has no ectosome, because the distal 
ends of the chambers are naked. 

Endosome anatomy.—Typical sycon ; the axially placed spongocoel runs the 
while length of the sponge and is about 1 mm. in diameter. While the chambers 
should be regarded as perpendicular to it, radially arranged, they are not perfectly 
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Fig. 63. 


Camera lucida drawing, x 666, of the spicules of Scypha ciliata. A shows a small fraction of the 
total length (mid-portion) of one of the coronal wisp-oxeas. B shows one end, and a 
short bit of the mid-portion of one of the hispidating oxeas. C shows one of the tetraxons 
of the oscular rim, all except the tip of one of the clads. D shows (below) one of the 
chamber triaxons, all except the tip of one of the rays, and (above) shows portions of two others, 
to illustrate the variations in shape.. E shows one of the chamber tetraxons, although the 
ends of two of the rays are omitted. F illustrates one of the tetraxons from the spongocoel 
lining, with the location of the surface of the lining shown by a dotted line—flesh to the left, 
cavity to the right. The projecting ray is drawn darkly, the other three are tangential to the 
surface ; of two of them the ends are not illustrated. The enclosed scale shows 20 microns by twos. 


rigid, and therefore lop and bend somewhat. They are 150 microns in diameter, 
and often 1300 microns (1:3 mm.) long. In the smaller specimens, and near the 
base and near the oscule in any case, they are a little narrower and a great deal 
shorter than this, say 100 by 400 microns. 

Skeleton.—There are about six categories of spicules present. First, the wisp- 
oxeas of the oscular crown (see fig. 63 A), varying from 2 to 5 microns thick, usually 
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three, and at least 2000 microns long—usually broken. Second, the echinating 
oxeas (see fig. 63 B). Only about a third of their length protrudes, however, the 
principal portion being embedded in the chamber area, nearly perpendicular to the 
surface of the sponge, but not quite—they are inclined somewhat, so that the 
distal end leans toward the oscule. They are 10 to 15 microns in diameter, lengths 
at least 2000 microns. Third, sagittal tetraxons of the linings of the oscular rim 
(see fig. 63°C). The short ray that is drawn darker than the others protrudes 
inward, and would interfere if any small animal tried to crawl into the spongocoel. 
The other three rays lie tangentally in the lining of the spongocoel ; they are about 
9 by 90 microns, the rhabd 10 by 125 microns, the short ray is only about 9 by 40 
microns. Fourth, triaxons of the chamber walls (see fig. 63 D), rays usually about 
6 by 100 microns. Fifth, tetraxons of the chamber walls (see fig. 63 E), rays 
usually about 6 by 100 microns. Sixth, tetraxons of the lining of the spongocoel ; 
the shorter ray, drawn darker than the others, projects into the lumen, bent to 
point towards the oscule—like a valve permitting egress but restricting entry. 
The other three rays are embedded tangentally in the lining of the spongocoel. 
They are about 5 by 50 microns to 7 by 70 microns. 

This species was first described as Spongia ciliata by Fabricius, 1780, page 448. 
It is widespread throughout the old world, especially about the coasts of Europe. 
On the American coast of the North Atlantic it is replaced by Scypha linga 
(Haeckel) de Laubenfels, the sponge which has been so often mis-identified in 
elementary text-books as being a Grantia. The rays that project into the spongocoel 
are very feebly developed in lingua, and there are minor differences in spicule size 
and proportion. 

Scypha barbadensis is West Indian, but it seems to have few or no tetracts, and 
it does have oxeas of peculiar swollen shape. It was first described as Sycandra 
barbadensis by Schufiner, 1877, page 425, and is here transferred to Scypha. 

Poléjaeff, 1884, page 70, reported Sycum arcticum Haeckel from “ Bermuda ”’. 
Actually the locality was deep water, offshore, and is not within the scope of the 
present article. It appears from his description, however, that he probably had a 
specimen of Scypha ciliata. The species arcticum may or may not be a synonym 
of ciliata ; they are certainly very close together. 


Order ASCONOSA de Laubenfels. 


The sponges of this order never assume the syconoid form. They start as more 
or less ascon type, and some remain permanently in this form. Others meta- 
morphose very quickly into pronouncedly rhagon type, in this respect resembling 
the developing sponges of the Demospongiae. 


Family LEUCETTIDAE de Laubenfels. 


The sponges of this family have the rhagon architecture developed to a high 
degree, which is to say that they are extremely like the Demospongiae except for 
the chemical nature of the spicules. Other families of the order include, at the 
other extreme, the Leucosoleniidae, which represent the ultimate in simple ascon 
structure for adult sponges; also the Leucaltidae, which are rhagon, but not. 
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typical, inasmuch as distinct traces of ascon ancestry or preliminary development 
still shows in the adult. There is also the family Petrostomidae, characterized by 
peculiar “‘ pharetrone ”’ skeletal modifications. 


Genus LrucetTta Haeckel. 


This genus exemplifies to the highest degree the characteristics of the family 
‘as described. Other genera of the family are peculiar in one or more respects as 
compared to this. Some Leucettas require chemical investigation of the spicules 
to be sure they are not Demospongiae, and all bear great resemblance to the 
common sponges. They have many oscules, and these are served by cloacas, 
with no spongocoel. The flagellate chambers are discreet, with inhalent and 
-exhalent canals. The whole body plan is compact, almost like the body plan of a 
bath sponge. 


LEUCETTA FLORIDANA (Haeckel) Dendy and Row. (See Pl. II, fig. 8.) 

Bermuda specimens of this sponge are represented by British Museum (Natural 
History) register number 1948.8.6.80. 

Date collected.—June 30, 1947, and many others. 

Locality — Harrington Sound, Walsingham Pond, and the coasts of the Bermudas 
in general. This sponge flourishes only in places of very dim illumination, never 
in total darkness, nor in bright light. 

Abundance.—This species is extremely numerous, with huge specimens, in 
Harrington Sound. Elsewhere it is uncommon, and represented by only small 
specimens. For example, on August, 9, 1947, one was found in Whalebone Bay, 
on the coast, under a rock ; this was only 1 cm. in diameter, a mere nugget. 

Shape.—lIrregular, lobate. Some specimens are shaped like a long, low, thick 
wall, rapidly growing laterally in only one or two directions while growing only 
slowly in thickness and height. Some specimens make head-sized masses. Others 
have long, digitate—almost ramose—projections ; these are locally known as 
**dead man’s fingers’, actually they might be called ‘‘ dead man’s hand ”’. 

Size.—Colossal for the class Calcispongiae. This is immensely the largest one 
known. One specimen was taken in 1947 that was 54cm. long! (See Pl. I, 
fig. 8.) It is common to find sponges of this species that are more than 30 cm. 
high and at the same time more than 15 cm. thick. 

Colour.—The living sponge is basically white, with more or less pink surface 
tinges. ‘It is often found in the many submarine caves which line the shores of 
Harrington Sound. Outside the cave, where the light is rather bright, the species 
will be absent. Near the mouth of the cave one comes to the first specimens ; 
these will be rosy pink, like a rouged cheek. Farther back there are paler and 
paler Leucettas, until in the darkest crannies some are almost snow-white. The - 
reaction to spirits is unexpected ; in alcohol this sponge turns brown, but an 
amazingly dark brown for Calcispongiae—the shade es as walnut. This is, 
when dry, probably the darkest Calcisponge. 

Consistency.—Fragile when alive, and much more so Peter dry ; in fact dry 
specimens crumble between the fingers if carelessly. touched. Yet there is an extra 
large amount of matter present per cubic centimetre—the fragility is not due to 
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openwork structure but to the fact that the spicules do not interlock, and were: 
cemented, in life, only by protoplasm or very fluid colloid. | 

Surface.—Optically smooth, but rough and gritty to the finger-tips. It is not 
uncommon to find sponges with siliceous spicules that readily and painfully 
penetrate the fingers of one who touches them, but it has not previously been 
my experience that any calcareous spicules so behaved. Even’ the very dangerous- 
looking, hispid-bristling Leuconias can be handled with impunity by one who has 
thin skin. Yet the spicules of Leuceita floridana, although not hispidating the 
surface and seeming to be exceptionally innocuous, do represent real danger to 
one’s fingers. Perhaps there is a rough or gritty sub-microscopic texture to their: 
surface, so that they stick in the wounds which they make—certainly they are 
amazingly easy to receive and equally difficult to remove. Not only the appearance- 
of the sponge, and the size, but even the spicule behaviour simulates a Lata esp pngs 
rather than a Calcisponge. 


Fig. 64. 


Camera lucida drawing, 150, of some of the spicules of Leucetta floridana. To the left is one of 
the smaller, common triaxons, superimposed on a bit of the central portion of one of the larger’ 
common triaxons, to illustrate the extreme. size-variation. To the right is one of the alate 
triaxons from the oscular throat-lining. The straight ray is tangentially placed in the lining, 
pointing away from the vent. The enclosed scale shows 100 microns by tens. 


Oscules.—Not round but irregular in outline, about 1 cm. in diameter. They 
are usually at the ends of low domes or digitate processes, but not always by any 
means, and many of the lobes and processes do not bear oscules. The oscular 
rims are smooth, not elevated into thin-walled collars. The cloacas, which deliver 
to the oscules, branch—as do those in Demospongiae, and they receive fair-sized 
tributaries, that is to say, exhalent canals 400 microns in diameter. 

Pores.—Densely crowded over the entire surface, 100 to 150 microns in diameter. 

Ectosome anatomy.—No specialization, as in the Haliclonidae, which see. 

Endosome anatomy.—Typical rhagon architecture, with long inhalent and exha- 
lent canals, dense structure. The flagellate chambers are rounded but not quite 
spherical. Some views show them 60 by 100 microns—others 80 by 80 microns.. 


Toward the end of the summer specimens were found in which the chamber 
u2 
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structure could not be made out—a situation that is relatively common in the 
Porifera. Yet earlier in the summer (late June, and July) the chamber system 
was crisp and clear. Perhaps there is a season of degeneration in late August. 

Skeleton.—Most of the spicules are regular triaxons, having equal rays and 
-equal angles. The size-variation is enormous ; many have rays 9 by 90 microns 
many have 18 by 180, 100 by 600 is perhaps commonest, but some triaxons have 
rays at least 150 by 750 microns. In the lining of the cloaca, near the oscular 
rims, occur alate triaxons as illustrated. 

Apropos the immense size of this Bermuda sponge, one may observe that in 
the ‘ Challenger ’ Expedition Report on the Calcispongiae, Poléjaeff states that the 
largest calcisponge in the world is a specimen which was collected near Bermuda. 
He lists it as Leuconia multriformis variety goliath, giving a height as 233 mm. 
He figures it as a long, narrow sponge, largely hollow, with an apical oscule. 
Bermuda specimens of Leucetta floridana occur more than twice as tall, and six 
‘times as thick, so that they dwarf it—yet, does this indicate that sponges in 
general may grow large near Bermuda, or instead that floridana is an exceptional 
species ? The latter is definitely indicated. Poléjaeff does not describe the 
spiculation of his specimen called goliath. His figure shows it to be smooth 
surfaced, like floridana, and thus unlike his description of multriformis. I consider 
it highly probable that a study of Poléjaeff’s actual specimen would disclose that 
it is not a Leuconia at all, but a Leucetta floridana. 

This species was described by Haeckel, 1872, page 144, from Florida (material 
sent to him by Agassiz) and transferred to Leucetta by Dendy and Row, 1913, 
page 734. It is close to Leucetta primigena, the type of the genus, yet Haeckel 
did not even regard it as congeneric, placing it in the genus Leucaltis. It is quite 
unlike the type of Leucaltis, which is very feebly rhagon. Haeckel was greatly 
impressed by such matters as whether or not there were any tetraxons. This 
species seems to have none, but they are rare in other Leucettas, and after long 
search someone might find one in the species floridana. The large size, pink 
-colour, and shape of the alates may serve to distinguish floridana, which is 
‘clearly the West Indian component of a world-wide genus. 


Family LEUCOSOLENIIDAE Minchin. 


The sponges of this family are the simplest of all sponges, pronouncedly ascon 
in architecture. To be sure, there are sponges like Chondrosia with no spicules, 
but their chamber structure is complex. The Leucosoleniidae are mere tubes - 
with ultra-thin walls, and their flagellate cells are scattered on the concave surface 
—not in chambers. Or one may regard the ascon entire sponges as homologous 
with single chambers of other sponges. 


Genus LEUCOSOLENIA Bowerbank. 


Sponges of this genus are the simplest members of this simplest family—the 
other genera have some peculiarity or other, such as the colossal longitudinal 
oxeas in Ascute. 
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LEUCOSOLENIA CANARIENSIS (Miklucho-Maclay) Dendy and Row. 


Specimens of this sponge are represented by British Museum (Natural History) 
register number 1948.8.6.61. 

Date collected.—June 30, 1947, and many others. 

Locality — Harrington Sound and Walsingham Pond. 

Abundance.—Moderately common—an hour’s field collecting should yield two 
or three specimens. 

Shape.—A clathrous reticulation of ascon tubes, with meshes about the same 
diameter as that of the tubes. 

Size.—Masses of 2 cm. total diameter are common. Smaller ones may be more 
abundant, but be overlooked. Or again, this species may be seasonal, and all the 
specimens may be at or near maximum size in the late summer. 

Colour.—The living sponge is nearly always bright canary or lemon-yellow. 
In mid-August one was observed to have slight orange tints. This may be due 
to a reproductive climax to be followed by a disintegration. When preserved in 
alcohol Leucosolenia specimens are white. 


Fig. 65. 


Camera lucida drawing, x 150, of a typical spicule of Leucosolenia canariensis, 
The enclosed scale shows 100 microns by tens, 


Consistency.—Softly fragile, somewhat compressible, easily torn. 

Surface.—Optically smooth, microscopically roughened by projecting rays of the 
spicules. 

Oscules.—These are merely the open ends of ascon tubes, and are uncommon, 
due to the fact that many tubes coalesce into a single channel before reaching the 
vent. There are about five oscules per cubic centimetre of sponge mass, as a rule. 

Pores.—Actually there are no true pores in an ascon sponge; the inhalent 
openings are prosopyles. They are very small, say 10 microns, but vary greatly 
in life, and in preserved specimens. In the dead sponge they may enlarge as a 
result of tissue maceration, or they may be wanting as a result of contraction of 
the cells around them. . 

Ectosome anatomy.—-No specialization. 

Endosome anatomy.—Simple, typical ascon structure. 

Skeleton.—Practically exclusively triaxon spicules, and very nearly regular. 
Each ray is about 9 by 90 microns to 12 by 120 microns. After long search an 
- occasional tetraxon may be found, of the same size-range as the triaxons, and one 
oxea was discovered. The oxea was almost certainly foreign, an accidental 
inclusion. The few tetraxons were probably freaks, like human beings with six 
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fingers. Yet they serve to illustrate the difficulty of rigid classification on presence: 
or absence of tetraxons, as Haeckel tried to do—he could put different specimens. 
of the same species into different genera! This species, unlike most Leucosolenias, 
is to be described as essentially one of only triaxons. 

This sponge was described as Nardoa canariensis by Miklnehos Maclay, 1868, 
page 230, from the Canary Islands, and properly transferred to Leucosolenia by 
Dendy and Row, 1913, page 796. It is an abundant species throughout the whole 
West Indian region. ; 
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. At the left, Callyspongia vaginalis, 


THE PORIFERA OF THE BERMUDA ARCHIPELAGO. 


EXPLANATION OF THE PLATES. 


PLATE I. 


. At the left, Frcinia ramosa, \ oe 
3° 


At the right, Ircinia fasciculata, 

Dried specimens to show the difference in shape, surface conules and other 
items. 

Two specimens of Verongia fistularis form ansa, x 3. 

From dried specimens. 


. At the left, Dysidea fragilis, \ 1 
x 1;. 


At the right, Haliclona viridis, 

Each of these two, like many other sponges, closes the oscule by drawing a 
veil-like membrane over it. In the Dysidea this had just begun to pull 
in when the sponge was preserved. In the Haliclona it had almost 
completely closed the aperture. The oscule of the Haliclona, when fully 
open, had been almost exactly the same size as the equally opened oscule 
of the Dysidea. From alcoholic specimens. 

At the right, Homazinella rudis, x about Ii. 

On the central tube of the Callyspongia one may see the (shrivelled) 
anemone-like coelenterates Parazoanthus. Below, the tubes are very 
wide and very short. Dried specimens. 


PLATE II. 


. Pellina coela, x 15, an alcoholic specimen. 
. Spheciospongia othella, x 3. 


At the left, a specimen from a region of strong currents. At the right, a 
(smaller) specimen from a relatively calm area. Note in the latter the 
extremely tall oscular tubes. In the larger specimen one can see about 
fourteen openings that are obviously oscules, and about a hundred of 
the openings of intermediate size. 


. At the upper left, Cinachyra cavernosa. 


At the lower left, Tethya aurantia. 

At the right, Terpios fugazx. | 

All are approximately x 3. They are photographed after preservation in 
alcohol, but this has not materially affected any item of appearance that 
would be reproduced in a black-and-white halftone. 


. An unusually long, thin specimen of Leucetta floridana, collected June 30, 


1947, in Harrington Sound. This probably is by far the longest 
Calcisponge ever collected, 543 mm. long. 
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An Ecological Discussion of the Sponges of Bermuda. 
By M. W. DE LAUBENFELS, Oregon State College. 


(With 4 figures in the text.) 


{Communicated by Dr. Edward Hindle, F.R.S.—Received June 7th, 1949.] 


' Far out in the Atlantic ocean, at some remote geological period many millions 
of years ago, a series of volcanoes burst out, with up-welling masses of white-hot, 
fluid lava. It does not matter whether the molten rock was forced out of tension 
cracks, a tear along the crest of a fold, or along a fault ; up it rose. 

As the liquid rock came in contact with the great, cold Atlantic, there were 
immense clouds of steam, but the energy used in heating the water cooled the 
lava, which therefore did not flow far. Thus a cone with steep slopes characterizes 
a submarine volcano. Finally, the cone pierced the whole depth of the ocean 
and emerged into the air. ? 

Once a volcano has risen above sea-level, thin sheets of highly fluid (usually 
basaltic) lava pour out and run for great distances, not level, of course, but at 
a slight angle. When they come to the sea-coast they are cooled by the evaporating 
water, and so stopped there. At least four steep cones grew in the Atlantic, and 
at least one of them made this obtuse protrusion. Finally all four ceased to grow, 
the cooling lava formed solid stone plugs to stop further outpouring, thus leaving 
four extinct volcanoes. 

The large one, the exposed volcanic island, then began to wear away, washed 
off by rain and worn away by wind. Doubtless there was a great caldera. at its 
summit due to a collapse of the vent area, so instead of a flat top or perfectly 
truncated cone, there arose such a shape, except that it had a low ridge encircling 
a central depression. As the earth’s surface heaves up and down, emergence and 
submergence follow, and thus the almost flat top was alternately wet and dry. 
When it was under water the coral animals built reefs of calcium carbonate on it, 
limestone which they extracted from solution in the sea-water. When it was out 
of water, this limestone weathered just as the ash, pumice and cinder cones had 
previously weathered, but the latter substances were no longer replaced, whereas 
the sea provided an inexhaustible source of calcium carbonate. After much 
emerging and submerging, the whole truncated top of the giant cone became 
covered with limestone, like the frosting on a colossal cake. Ultimately it has 
become not simple limestone but coral which is broken into tiny fragments, 


- thus coral sand, sand blown into dunes by the wind, and cemented together by 


lime leached out by rain, and then hardened as plaster hardens, in the air. 
This is called aeolian limestone. . 

The other three volcanoes no longer pierce the sea surface, if they ever did. The 
largest one gives the world all the Bermudas. Its great basalt mass does not now 
protrude, but parts of its snow-white frosting do. The part that has not been 
drowned by the most recent lowering is not in the centre of the flat top. That is 

x 2 
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where the great caldera sank in, over the then still fluid magma of glowing lava. 
Nor does the coral rock make a complete, atoll-like circle around the centre, because 
nearly all of the north rim has been broken down. A crescent-shaped bit of the 
south rim constitutes exposed Bermuda. 

‘Greater Bermuda” is the name given to the whole nearly flat top of the 
truncated volcanic dome. It is about 23 miles or nearly 40 kilometres from 
east to west, not so wide from north to south. Most of it is under the ocean, but 
so shallow that the reefs which hispidate its surface may even stick out at low 
tide, and they always reach up so close that they are just waiting to claw out the 
bottom of an unwary ship. About three hundred and fifty years ago mankind 
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Perspective view of the Bermudas and their adjacent sea-bottom area, from a figure prepared by — 
Dr. H. B. Moore. The vertical scale is exaggerated five times. The view is towards Florida, 
so that the corner of the model that is cut off by the right margin would be the north corner; 
that in the left foreground is the east corner ; the west corner is hidden behind the submerged 
volcanoes known as Argus Bank and Callenger Bank. The flat top of “ Greater Bermuda ” 
is stippled. 


first saw the Bermudas ; wooden boats from Europe sailed by—but some sailed 
too close, and had their bottoms ripped out by the jagged, merciless reefs. How the 
mariners of those days hated the Bermudas! Shipwreck continues into our 
century—only with the best of lighthouse service, pilot skill and good fortune do 
ships safely approach and safely leave Bermuda. 

Dry Bermuda, wetted only by frequent showers, lovely to live in, is at no place 
much more than two miles to three kilometres wide. Its extreme points, north- 
east to south-west, are 20 miles or 33 kilometres apart, but if its curvatures 
were straightened out it would be half again as long. It is chiefly one large ~ 
island, 17-6 kilometres long, 9725 acres in extent. At the west are Somerset 
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Island, 702 acres, and Ireland Island, 133 acres. At the east St. George’s Island 
has 706 acres and St. David’s 527. These and many others are now well knit 
together by bridges and causeways. A multitude of smaller and smaller islets 
can be reached only by boat, or swimming, or wading, or simply by stepping. 

South of the main island are beautiful beaches of coral sand, white or pink, 
then a hundred yards or so of shallow water, then a reef of “ boilers ”—some live 
coral, but more dead coral, then the rapid dropping off to deep ocean, three miles 
down the steep lava slope. North of the main island lie mile after mile of treacherous 
shoals, labyrinthine coral reefs, and sharp projections. 


Fig. 2. 
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Map of the West Indies and related areas. 


All this is between 64° 36’ and 65° west of Greenwich, between 32°12’ and 
32° 30’ north of the equator, the same latitude as South Carolina or Morocco. 
It is nearly 700 miles, over 1000 kilometres, from New York, and nearly 
that far from the nearest land, which is North Carolina. 

This is remarkably far from the equator for coral to flourish, prohably the farthest 
poleward extension of coral reefs in the modern world. This extension is due to 
the warming action of the Gulf Stream which comes up from the tropics via Florida, 
sets out toward England, and warms Bermuda en route. Doubtless it is this 
transportation route from the West Indies that causes the fauna of Bermuda to be, 
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as it is, predominantly West Indian. It may be regarded as the mee ee 
rampart, the farthest outpost of the West Indies. ee 

The land mass of the Bermudas is so small that it has little effect on the 
climate of sea or air—little of land’s tendency to warm up quickly and then cool 
as fast. At any point the sea is so near that the sea dictates the environment. 
Dr. H. B. Moore’s figures for 1945-46 show for each of the twelve months that 
the. air temperatures are more than one degree, but less than two degrees warmer 
than the sea temperatures. He records maximum temperatures close.:to 
29° Centigrade (85° Fahrenheit) in August, and minimum close to 18° Centigrade 
(65° Fahrenheit) in February. Verrill, 1902 (“‘ The Bermuda Islands ’’) records. 
“average ” temperatures of the sea at Bermuda as follows :— 


February  59-63° Fahr.=15-17° Cent. 
April 66—71° Fahr.=19-22° Cent. 
June 75-80° Fahr.=24-27° Cent. 
August 82-85° Fahr. =28-29° Cent. 
October § 75-69° Fahr.=24—21° Cent. 
December 65-61° Fahr.=18-16° Cent: 


He describes the terrible cold spell of February 1901, when the air temperature 
actually fell to 45° Fahrenheit or 7° Centigrade. Vast numbers of fish and other 
marine animals died, so that the stench of their washed-up carcasses became 
unendurable. The point is made that many of the organisms of Bermuda are at 
or near the extreme poleward limit of their possible tolerance, that they have no 
' margin to spare. 

The upper limit is quite high. Moore records water temperatures up to 
33° Centigrade or 91° Fahrenheit in intertidal regions. 

The land mass of the Bermudas is so small, and the amalgamated coral sand of 
which the land is built is so porous, that no permanent streams or springs exist 
anywhere in the islands. A most important outcome of this is that very little 
land-debris reaches the Bermuda shallows. Elsewhere rivers bring minerals that 
were leached out of soil, and bring organic materials from the land, but not here. 
The rain and its run-off may, however, produce local brackish conditions, to be 
discussed further below. 

It is interesting to observe that between the hills of Westies lie many valleys. 
and basins, but that the latter never contain pools unless they reach below sea- 
level, and then the surface is not only approximately at sea-level but the water 
is always at least brackish due to infiltration from the sea. This indicates the 
extreme porosity of the rock of which the islands are formed. The pools here 
mentioned are important in connection with a study of the sponge fauna of the 
vicinity. 

The climate of the Bermudas is extremely humid. Verrill, 1903, page 89, reports. © 
mean humidities for every month of the year, from a dryest (March) of 74-1 to 
a wettest (June) of 86-6—the average would be well above 80 per cent. As a 
result of the humidity, rust and mildew flourish. It is common to have two or 
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three showers per day. These are very local, the width of the rain’s pathway often 
as little as two or three kilometres, and the duration at a given point as brief as 
10 to 20 minutes. Severe storms also occasionally reach Bermuda. In the earliest 
experiences of Europeans with these islands, several such happened to occur, and . 
as a result, for about a century, this archipelago suffered an undeserved reputation 
for being always stormy. It never gets the full force of the West Indian hurricanes, 
but as they pass by to the west, chiefly in September (but all through from August 
to November), their edges create mighty gusts at Bermuda. On the other hand, 
droughts are rare—seldom a week passes without some rain—a fortunate occurrence 
because people depend for all their water, drinking-water and wash-water—on 
what they catch in cisterns. The annual precipitation.comes between 50 and 70 
inches, 125 to 175 cm. : 

The water that sinks down through the aeolian limestone, even more than 
through less porous limestone, has a solvent power, because it picks up carbon 
dioxide from the air and thus becomes carbonic acid. Caves are dissolved out 
by trickles of acid water ; some now on exhibition in Bermuda are very beautiful 
caves indeed. But the solution continues until the roof may fall in, leaving a 
steep-sided hole, often a steep-sided pool. Such ponds are important locations for 
water animals, including sponges. 

The following ecological subdivisions of the Bermudas are discussed in this 
article. ; 

1. The shallow, reef-studded region of Greater Bermuda. No depths greater 
than 10 metres need be considered, although such depths do occasionally occur on 
this mountain-top. The deep waters around Bermuda are—as already mentioned— 
excluded from this study, but the largest area here dealt with is the shallow region. 
This is chiefly north or north-west of the land mass, and makes a very beautiful 
and interesting calico pattern as seen from an airplane flying over it. 

2. The intertidal and coastal region. The region between tides is here very 
brief, because only rather small tides obtain in mid-oceanic islands. Tides of 
great difference between high and low occur where the mass of tide-water approaches 
land over a bottom that gradually grows more shallow, and by this gradual 
funnelling concentrates the small movement of a lot of water into the larger 
movement of a small mass of water. In Bermuda the mean tide-range is 72 cm. 
or 2 feet, 5 inches ; the spring-range is 90 cm. or 3 feet. 

3. Harrington Sound. This is a very remarkable body of water. It is not 
quite 2 kilometres wide, by not quite 4 kilometres long, say 1-3 by 2-5 miles, 
and is in very few places less than 2 metres deep or more than 10, although depths 
up to 20 metres have been found. It is completely land-locked except ‘for one 
narrow channel at Flatts, where it is in full connection with the open ocean, by a 
steep-sided natural sluice-way about 10 metres wide. As the ocean tide rises, the 
water rushes inward as a veritable torrent, then out again at low tide. Yet the 
opening is so narrow that the tide always turns before any very great effect can 
be produced—in the Sound itself the water level changes only about a hand’s 
breadth, or say 10 to 15 cm. There is so little land about Harrington Sound in 
‘proportion to its great size (see fig. 3) that the water is much like ocean water. 


160 M. W. DE LAUBENFELS : 


4, Lakes with considerable land drainage into them ; of these Mangrove Lake 
is here taken as a good example. It is about 100 metres by 400 metres and is. 
surrounded by a land mass which drains into it, and which is many times as 
large as the water area. It must be emphasized that the topography in its vicinity 
slopes downward toward and into the lake. 

5. Ponds with only moderate land drainage into them. Of these, Walsingham 
Pond is here taken as a good example. It is about 100 metres by 200 metres, 
and was probably formed by the collapse of the roof of an enormous cave. Its 
walls are steep, but at one side there is some drainage into it. Comparison with. 
Harrington Sound is obvious, and various other smaller ponds offer further 
significant contrasts. Walsingham Pond has only a small fraction of shallow 
bottom, it is mostly about 5 to 10 metres deep. 


Fig. 3. 


WATFORD |S IRELAND Is NV 
SOMERSET 


/ 
DanieLs HEAD 
be e~ | 8082 Is 


Ss SPANISH POINT 


vad 
s 
HAMILTON ; 
. - 
2 
ae . 
WRECK HILL S ~ I~ -- } -CASTLE HARBOUR yg 
ey nol? 8 
ees Nae 3 *= 
vo, em im es * % 
= o; 
ong e 
% + % 
%, Cy ee 
5 ic 
- oe %& 
S eee 
‘> 
° 2 Dries %%, % 


Bermuda Islands. 


6. Enclosed bays and harbours. Hungry Bay, on the south coast of Bermuda, 
has a combination of environments within different portions of its area that render 
it a peculiarly interesting ecological study. It has a very irregular outline, but 
is some 100 metres in diameter. From this almost land-locked bay there is a 
narrow, shallow strait some 15 metres wide leading to the ocean. The whole bay 
is shallow, only in the centre is it over 2 metres deep, and one can wade over most 
of it. Castle Harbour, Ferry Reach and similar areas must be considered too. 

Kach of these areas now warrants further study, especially in regard to its. 
sponges, and its fauna and flora in general, but first a review of the sponge population 
of the Bermvdas is in order. 

At least 65 species of Porifera occur in the shallow waters of Bermuda. Each 
of these, not only the 18 new species but also the 47 previously named, are described 
in a companion article on “ The Porifera of the Bermuda Archipelago”. The 
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numbers opposite the names in the following list refer to the pages where these 
descriptions may be found :— 


Page Page 
1. Spongia offictmalts  ......cccrseccecrereseeeeeeees 5 B4. XYlOpswes YTISCUS ......2-cccennsd-ntensaecsercsoseess 75 
2. PONG VE PANIOCLIE SEE tic ciatnnssnptnsnsees-ss0rsp canes 7 35, Heurypon Clavata,  .......-..-.-csecencrseneenseconsscee 79 
3B. Trcimia fascrculatai...........c.cc.ccceeccccersereeeeees 9 36. Trichewurypon Virtd0s............cccccccsesceseeseees 81 
ei Oe a 12 SP. Desmacella GONG 1....0:...sccscensceccsersesecensens 83. 
6. EV OWNAGE ee pcre catagsso-- oe. 13 38. Bromma microstyla © ......2cccccecssoveseeesssesene 85 
Oo) Trcinid DGNQOWAS 10 hep. nseoe 14 B39) Homarinella tudes .occcieccleteccscieesteteseeen 87 
Ta VerOngee fIStulanes... 0 3..c8 sts cncendedecs cee sveves 17 40. Pseudawinella rosacea ..........ccceceeceeees 89 
8. Thorectopsamma chromogena ................ 20 41. Hymeniacidon heliophila .................020.... 92 
Sc iu 1,1) eA oe 22 42. Spheciospongia othella ...........0c.cccccccceees 94 
DOS Drath Cier ne, ear cee araphsewcesnsecnc ones 25 43. Spirastrella coccinea  .........seeeeeseeeeeeeeees 96 
Lh. Dysided Craawenayt nsiacsac.ce--osscee--sesceees. 26 44, Sprrastretla AvOry8Sa..............ccccseceesscerseee 98 
Pt WT a OF Sood ot Satie 2 a 29 45. Halicometes. stellatar .............0cc0cccecesceesses 99 
ES? FONE TAF Is Pa ee cde eeg hee dscs eet. 31 46.) Aarptos bergmamnt — ....sc0c..:ccsecesececeesseees 101 
14. Aplysilla subfured ou... cece 34 AME CFP OS MUO PERIL Bhi SIDE... 103 
15, Aplysilla glactalts..............ccccccceeseeees 36 AS. Cliona, caribb0ed.. ..2..c.:-sc.-ceesceceseesenensss 108 
16. Darwinella miiilert 2.0027 emic-.2...------ 38 MAA TUOTUE TAT) os cere ste tickeoaestee tect = scans 110 
VB.. Hebiclona Mmovetbe. 5.0220... s222..,sseesoesesne sees 40 50. Stellettinopsis ketosted .............0ccccccee: 112 
18. Haliclona variabtlts ...........eeceeeeeeseeeeeees 42 EGAN ONG TRS (1-1 Me ee as se 114. 
19. Haliclona crasstloba ...........ccceceecceesesesees 45 OE REL CPG LTS ld en led ee ee 116 
20. Haltclona permollis ..........c.ccccccescesceees 46 53. Desmascula desdemond — o..........0..c00000000- 12] 
Ob Haliclona viradys 352. Seiki... 47 De Stellettargrubtt Ons. Wee. ek. 123: 
22. Kestospongea COHYH .....0scsccsvisseceseseeerceees 49 55.5 Geodia qubberosa \.28185 ci. eb ehacis).s Yadoesocse 125 
Do EDULE DEPT ey on erg Be wn ops eco 52 56. Cinachyra Cavernose ...........0.scccceecesseseeee: 128. 
24, [AO8ING MONMNCUOSA ........0.c.0.cc0ccceecseseeeeee 54 Bhd PSUS LTO NUY TU ae ee ass Saar Ae choc sac 130 
25. Callyspongia vaginalis .........ccccccccceceeceees 56 Pee EROT IRR BENIN CIE bs G2 oats facings ha Reps dasa 132 
26. Callyspongia ArcesiO8d .............cccccceceeeeeee 60 BOL Chondrilla NUCulay 0. vccccisseceseseesseetss 133 
DRY P ellang COGUI Ree te trteettact sete edesse. 62 60. Chondrosia collectria ...........cccccccceccceee 135 
28. Strongylophora amphioaa...............0000000+- 64 Gl eeconsd. Gasper OAD ene. 138 
29. Rhizochalina hondurasensis.................... 66 G2. Lewcontd Crustaced oo... ceccciciceesteeseceees 14] 
30. Cyamon: vickerses cc age toda... 68 Di OUI CAGED F255 bac redsenvesisareseoisensess 143 
OL; Teenie 3Qte ee anna, 69 G4. Leucetia flortdan 222. sic.--ccc-neseseegeieneeneees 146 
Sa. sh COULDA, LONE, Sere ee ee ees pore 70 65. Leucosolenia CANAartensts ............0c00c.00-- 149: 
33. Lissodendoryx isodictyalis ................... 73 


Many of the sponges recorded from Bermuda are uncommon, so that it now 
seems unlikely that very many biologists will notice them. Of course, the abundance 
may change ; this, that or the other environmental circumstance may reduce the 
numbers of some which are now listed as being common, or permit the great increase 
of a form now thought to be rare. It is a familiar occurrence to all older biologists 
that one may suddenly encounter an amazing abundance of a form which for 
years had eluded observation, or had actually been very uncommon. In fact, 
species not recorded in the above list may in the future be discovered in Bermuda, 
either as actual newcomers, or through having been missed in my one summer's 
investigation. Nevertheless it may be well to give here a key, for the convenience 
of those who do not specialize in Porifera, for the recognition of those Bermuda 
sponges that appeared in 1947 to be common. 

It must be stressed that this key is utterly of no use, under any circumstances. 
whatsoever, except in Bermuda shallow waters. A bright blue sponge in Bermuda 
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is likely to be either Terpios fugax or Dysidea etheria, because it just happens that 
those are the only two common blue sponges there. In another place the only 
bright blue sponge may be an Hymenamphiastra, which does not occur in Bermuda. 

‘Tf one lays hands on one of the less common sorts, there is no recourse except 
to the microscope. A few notes on a simple technique for study of Porifera may 
therefore be in order. 

First, the sponge specimen, with notes as to its colour in life, should be preserved in 
95 per cent. alcohol. After a few hours or days the first alcohol should be discarded, 
because it becomes a solution of chemicals dissolved out of the sponge, plus 
a sludge of those many minerals of the sea-water that refuse to dissolve in 
spirits. It may be replaced with 70 per cent. alcohol. 

Then the alcohol-hardened sponge may be studied. Take a pea-sized bit right 
from the surface. With a razor blade, by hand, cut sections perpendicular to and 
including the surface. Cut them on a microscope slide so that they fall onto the 
slide. Add a few drops of a solution of basic fuchsin or of safranin in 95 per cent. 
alcohol. Blot with tissue paper and add a few drops of carbolxylene. Repeat 
until the material becomes clear—often the first application is enough, but two or 
three may prove necessary. Blot with tissue paper between each application of 
reagent. When clear, add a few drops of xylene, blot, then add a few drops of 
balsam, add a cover-slip, and one has a permanent mount. This may be studied 
first with the low power and then with the high power of the microscope and 
compared with published descriptions, such as the companion article to this one. 

One should never try to preserve a sponge in formalin. For reasons that no one 
-seems really to understand, any formalin, acid or alkaline or neutral, causes sponge 
tissue to disintegrate. In many parts of the world a rapidly dried specimen is 
quite useful, but in Bermuda dried sponges have a regrettable tendency to mildew. 


Key to 33 Common BERMUDA SPONGES. 


. First, classify as to colour. Put pale pinks with the whites, not with the reds. 
Trust only the genuine underwater colour, because as they die many sponges 
radically change colour, and in addition to such alterations preserved specimens 
(whether dry or in spirit) tend more or less to bleach. The colour as seen through 
a layer of water is not reliable, however, because the greenish tinge (red absorption) 
-of sea-water causes orange sponges to seem yellow, yellow to look green, and violet 
to appear blue. 

Beware of handling rich walnut-brown sponges and bright red ones, unless the 
skin of your fingertips is tough ; some such may be chemically irritating. 


RED SPONGES. 


1. Cliona lampa feels exactly like rock, and except for the colour looks just like 
the country rock, because the sponge tissue infiltrates and erodes its way into 
the rock itself. This sponge is the cause of the great masses of what seems to be 
bright red rock at the entrance to Harrington Sound, by the Government Aquarium 
at Flatts, and along the causeway, on jetties, and many other localities. 
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2. Spirastrella coccinea makes thin layers, like red paint, on the underside of 
submerged stones. While never very large, almost every stone you pick out of 
water may have its patch of Spirastrella. 

3. Tedania ignis, the fire sponge, is extremely conspicuous, with chimney-like 
oscules. It is smooth and soft, but may be dangerous to handle. 

4. Pseudaxinella rosacea. Scarlet layers, seldom more than 5 cm. thick, with a 
very rough surface—there are little bumps about the size of goose pimples, but 
each of these lumps is in turn spiny or lumpy. The whole surface is obviously 
porous too. 

5. Homaxinella rudis. The “ red trees”. They have the same compound, 
rough surface as the Pseudaxinella (both genera are extremely close to the genus. 
Axinella), but rudis may be recognized by its branching, often tree-like shape. 
These are miniature trees, seldom more than a foot high. 


ORANGE SPONGES. 


1. Dysidea crawshayi. This exceedingly abundant species hangs in great festoons 
on the rocks in many Bermudan waters. It is conulose, but does not turn blue or 
violet when taken out of water. It is very soft, easily torn, and—when still alive— 
shows optically evident pores as well as oscules. 

2. Tethya actina. Little balls, often called “ tangerines’”’, always lumpy ;. 
sometimes the surface projections have the size and appearance of warts. The 
sponge is hard, with a cortex, and very radiate internal structure. Even the size 
is that of tangerines. 

3. Biemna microstyla. I found it exclusively on mangrove roots. It is soft,. 
even surfaced, not very strikingly marked. 

4. Aaptos bergmanni. ‘This is a golden orange that some people classify with 
the yellows. The surface may be more or less brownish. When sliced it exhibits 
a consistency and appearance much like that of cheese. In this respect it needs 
careful comparison to T'erpios, because the two may be confused in the field. 
Aaptos is never blue, nor shaped like grape clusters. 


99 


YELLOW SPONGES. 


1. Terpios fugaz. This abundant species, already mentioned, is yellow and 
cheese-like internally. Most specimens have a blue outer layer, and such are not 
liable to confusion with Aaptos. But some specimens are yellow also externally. 
These may be distinguished from Aaptos if, as is often true, they have numerous 
surface lobes about the size and shape of grapes. T'erpios seldom or never has a 
distinctly brown surface. 

2. Cinachrya cavernosa. This species is well characterized by its surface-plush of 
sharp spicules—it is dangerous to handle as a result. It is also well marked by 
the almost nostril-sized holes (porocalyces) of its surface ; often these make an 
aquatorial zone about the ball-shaped or oblate-spheroid sponge. 

3. Leucosolenia canariensis is a nearly unmistakable type, like a little tangled 


mass of lemon-yellow thread. 
vz 
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4. Aplysilla sulfurea is one of three Bermuda sponges that are yellow alive and 
purple dead. When alive it is the brightest yellow of the three, when dead it is 
the darkest purple, and it changes colour the most rapidly. But comparisons 
like this are not very helpful when one has a single specimen. This species seems 
never to grow tall, but always to remain encrusting, therefore any tall columnar 
sponge must be another kind. All three yellow-purple sponges of Bermuda are 
conulose, but the conules on this are sharp, 3 to 7 mm. high, and 8 to 15 mm. apart. 

5. Lanthella ardis. Very common in Harrington Sound, this sponge may be 
yellow, but often is greenish in life, which is not true of the preceding and following 
species. Upon dying, it slowly turns purple. It usually grows up in club-shaped 
columns, as Aplysilla does not. Its conules are about 1 mm. high and 3 to 6 mm. 
apart. Perhaps its best field mark is the fact that when roughly handled it bleeds 
purple. As seen through green sea-water the exudate looks less purple, so that 
this sponge has the local incorrect nickname “ blue bleeder ”’. 

6. Verongia fistularis. Less common, but likely to be confused with Janthella. 
It is usually in the form of hollow cylinders, however, and it does not “ bleed ”’, 
and it turns purple only very slowly when taken out of water. Live specimens are 
never greenish, but if not yellow they may be brownish. 


GREEN SPONGES. 
1. Ianthella ardis has already been discussed. 


2. Tethya has been described as to warty, tangerine shape and size. Some 
Tethyas are bright orange, some bright green, and some are intermediate. Even 
the greenest “‘ turn ’’ orange when put in alcohol. 

3. Haliclona viridis. The only green sponge that is pronouncedly ramose, the 
only branched cylindrical, velvety surface sponge that (in the Bermudas) is green. 

4. Lnssodendoryx rsodictyalis. See blue sponges. 


BLUE SPONGES. 


1. Terpios fugax. As already discussed, the interior of this sponge has the colour, 
consistency and appearance of cheese. 

2. Dysidea etherra. Heavenly blue all the way through—very spongy, conu- 
lose. , . 

3. Lissodendoryx isodictyalis. This sponge is probably really brown, or brownish 
yellow, but it may appear of a different colour due to a surface layer of symbionts. 
Some Bermuda specimens thus appear green, and the species is therefore also 
listed in the green sponges. Some Bermuda specimens lack the algal layer and 
therefore appear brown, consequently this species will be listed below among 
the brown sponges. But the majority of Bermuda specimens of Lissodendoryx 
in 1947 looked quite blue. 

Whether green, brown or blue, the interior of this species is ; regularly a dirty 
yellow, and beat like a bath sponge. Odour is a principal means of identification ; 
it, stinks, with a characteristic odour sometimes called sulphureous, or compared to 
garlic. This odour is very much like that of the gentis Ireinia, but the latter fin 
quite different from Lissodendoryx. 
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VIOLET SPONGES. 

1. Desmacella jania. I found this only on mangrove roots, but Verrill found 
it elsewhere. All that I found were a peculiar mottling of lavender and pink ; 
a soft, velvety encrusting sponge, likely to be polychrome. 

2. Callyspongia vaginalis. The huge tubes, often in clusters, of this conspicuous 
species render it the best known of all Bermuda sponges. 

3. Haliclona variabilis. There are three violet-coloured Haliclonas at Bermuda, 
quite a headache, very difficult to discriminate in the field. This one is velvety 
in appearance, in branched cylinders, tough. It is much the most widely distributed 
of the three. Older portions of the sponge mass, at its base or partially buried in 
the sand, are quite brown, almost rust colour. When this appearance is present, 
the other two violet Haliclonas can be fairly definitely ruled out. 

4. Haliclona molitba. I found this only in Mullet Bay and one other coastal 
location nearby. It is conulose, but not velvety, a rich purple, with no tendency 
to turn rusty brown, very soft to the touch. It is persistently branched. 

5. Haliclona permollis. This species never seems to branch, but always to be 
encrusting, with or without volcano-shaped projections. The other two species 
are encrusting when young, molitba the least so. In texture molitba is the most 
like permollis, but under the microscope they are strikingly different ; see pages 40 
and 46 in the companion article. 


Back SPONGES. 

1. Spongia officinalis is finely conulose, black-skinned but reddish brown 
internally, of maximum sponginess. Some of the Jrcinias, however, approach it, 
so that only an expert can distinguish them without microscopic study. Dried, 
macerated Spongia is extremely easily recognized, however; it is the common 
“ bath sponge ”’. 

2. Dendrilla nux is not really black, but a blue so dark that it seems black in 
any except the best illumination. It really does “ bleed blue ”’. 

3. Sphecrospongia othella is very common, much the largest sponge species in 
Bermuda, often the size of a bushel basket. ‘Some of its surface openings may 
be enormous—any sponge with big black holes large enough to receive several 
fingers would probably be a Spheciospongia. Some specimens show yellow streaks. 


WHITE SPONGES. 


1. Geodia gibberosa usually has more or less of its surfaces covered with a thin 
layer of blue or grey. The surface is always as hard as a stone, even if slightly 
flexible ; this silica-filled cortex is quite distinctive. 

2. Leuconia aspera. This little sponge—finger-size and shape, or smaller—bristles 
all over with long, white, needle-like spicules. They are so weak, however, that it 
is not particularly dangerous to handle. 

3. Leucetta floridana. This sponge, basically white, often has more or less rosy 
pink tinges. Its surface does not bristle, nor is it stony hard. Many specimens 
earn the local name of ‘‘ dead man’s fingers”. Some look like one’s idea of typical 
sponges, but white or pink. 
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DRAB OR BROWN SPONGES. 


1. Callyspongia vaginalis is often drab. Its big clusters of tubes, covered with 
conules, have already been mentioned among the violet sponges. 

2. Chondrilla nucula is not likely to be confused with any other sponge, but 
might be taken for an ascidian. It is a shiny, slippery, jelly-like, rounded mass— 
specimens are locally known, rather appropriately, as “chicken livers”. The 
oscules in life are very dark little holes, with pale circles around them, so that they 
are conspicuous. 

3. Ircinia fasciculata is dull brown, conulose, of varying shapes. All Jreiwmias 
have a peculiar sulphureous odour, but Lissodendoryx has the identical stench. 
This latter genus is very fragile, [rcinia is extremely tough and spongy. 

4. Lissodendoryx isodictyalis, already described in blue sponges. 

5. Fibulia bermuda may be the first sponge the field collector NEEDS to 
recognize, it—as I suspect—it is the one that causes the most serious dermatitis. 
Other Fibulias are certainly seriously poisonous to touch. Unfortunately it is. 
one of the most difficult sponges to identify in the field ; this statement can be 
written with the emotions of one who has been deceived to his cost. It is probably 
the brownest sponge in Bermuda-—never any other colour, never any symmetrical 
shape, always lumpy, a vivid walnut-brown exterior over an ochre interior. 


It may be interesting to compare the sponge fauna of the western part of the 
West Indies, as exemplified at the Dry Tortugas, with the sponge fauna of the 
eastern part of the West Indies, as exemplified at the Bermudas. The following 
list represents a tentative summary of all the species of Porifera now known to 
inhabit the West Indies, a total of 233. Some 400 names occur in the literature as. 
being in this region, but many of those that were described in the last century are 
utterly unrecognizable, and many others are already known to be synonyms. 
Yet others doubtless are likewise synonyms, but are still awaiting elucidation. 
Two examples of the work involved in preparing this list may be given: Agelas 
dispar Duchassaing and Michelotti, 1864, page 76, is here dropped in synonymy to: 
Agelas oroides, which was first described as Clathria oroides by Schmidt, 1864, 
page 35, and Stelletta incrustata Uliczka, 1929, page 47, is here dropped in synonymy 
to Myriastra fibrosa, which was originally described as Ancorina fibrosa by Schmidt, 
1870, page 67, and transferred to Myriastra by de Laubenfels, 1936, page 169. 

In this following tabulation, the symbol T represents occurrence at the 
Dry Tortugas, B at Bermuda, and E elsewhere in the West Indies. If the letter is. 
in bold type, it indicates occurrence only in deeper water, 50 or more metres 
protundity. 
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VALID SPECIES OF SPONGES oF THE WeEsT INDIES, 


(D. & M.=Duchassaing and Michelotti; 


1. Spongia officinalis Linné ................ TEB 

2. »» 2tmocca Schmidt ................ TEB 

3. », graminea Hyatt ................ TE 

4. Hipiiospanaee lachne de L. ............ TE 

5. Pe gossypina D.& M. . TE 

6. Aulena columbia de L. ............::1+ 7 

7. Hyattella cribriformis Hyatt ............ TE 

8. Phyllospongia lanuga de L. ............ Ay 

9. Oligoceras hemorrhages de L. ............ 44 
10. Polyfibrospongia echina de L._........ : 
Lie oe maynard Hyatt . E 
12, Ircinia fasciculata Pallas ................ TEB 
13. , variabilis Schmidt _............ B 
14, »  strobilina Lamarck ............ TEB 
15, » campana Lamarck................ TE 
16, SR TION, IR OMOT ee ooo nnynes0 EB 
17. Verongia fistularis Pallas ................ EB 
18. Pe Bk) TE 
19. »  lacunosa Lamarck ............ TE 
20. »,  longissima Carter ............ TE 
21,-Druinella camera de L, .............00000+- dh 
22. Thorectopsamma chromogenia de L. B 
23. Dysidea fragilis Montagu ................ TEB 
24, »» erawshayt de Li. .....:......00. 1 eae 3 
25. wa CEROTHG Gs lamiete sec. .é5c3<.5. TT 3B 
26. Huryspongia rosea de L. ou... dh 
27, Dendrilla nus de Li ....iccccsc.ccese0e B 
28, Lanthella ardis de Ly ...........ccccccees ira 
29. Aplysilla sulfurea Schulze _............ EB 
30. »,  glacialis Merejkowsky .... B 
31. Darwinella miilleri Schulze ............ EB 
32. Haliclona coerulescens Topsent ....  E 
33, 4 variabilis Dendy. ............ EB 
34, F pellasarca de L.  ............ E 
35, » podatypa de L. ............... E 
36. - permollis Bowerbank .... B 
37, * rubens Pallas — .............0.. LH 
38. a viridis D. & M........000..0.. TEB 
39. 2 subtriangularis D. & M.. TE 
40. longléyt de L...........00.00. T 
41, F crassiloba Lamarck ........ EB 
42, molitha de Li.  ......s.c.00.0 B 
43. eachais cyathina de L. ............ TE 
44. Acervochalina fintima Schmidt ....  E 
45. Amphimédon compressa D.& M..... E 
46, Foliolina peltata Schmidt ................ E 
46. Xestospongia calyx de Li ............... B 
48. rn muta Schmidt _........ E 
49. Fibulia massa Carter... E 
50. » . nolitangere.D. & M. ..2,.....:. ab 
1. ox. DerIUd ME Layo. ciceses canteen’ B 


de L.=de Laubenfels.) 


52. Iotrochota birotulata Higgin ............ TE 
53. Athnacama schmidti Carter ............ E 
54. Desmacidon raphidifera ...........:100+- E 
55. Gelliodes fistularis Esper or D.&M. E 
56. A leucosolenia de L. ............ E 
57. Liosina monticulosa Verrill ............ B 
58. Callyspongia vaginalis Lamarck .... T EB 
59. ’, arcesiosa de L, _........ 4h a5? 
60. ¥ plicifera Lamarck .... E 
61. Dactylia pilosa Wilson. ............:0000 E 
62. Echinodictyum lugubris D. & M. .... E 
63. Phorbas amaranthus D. & M.. ........ E 
64. Pytheilla papillosa Schmidt. ............ E 
65. Adocia neens Topsent ...........00000 TE 
DGaPellinag coche G6 Nl.0c, 6.25.42. -aiseetsn B 
67. Pellina carbonaria Lamarck ............ TE 
68. Sigmadocia flagellifer Vosmaerv........ E 
69. Toxadocia abbreviatus Topsent........ E 
70. Strongylophora rampa de L. ............ E 
a 43 amphioxa de L. .... B 
72. Coelosphaerella johnsoni de L. ........ E 
73. Inflatella bartschi de L. ..............++++. E 
74. Rhizochalina oleracea Schmidt ........ E 
Tha me hondurasensis Carter . EB 
76. Agelas oroides Schmidt .................0+ TE 
77. Plocamia gymnazusa Schmidt ........ E 
78. Holoplocamia penney? de L. ............ - 

79. Cyamon vickerst Gray ........cecceeees TEB 
80. Merriamium tortugasensis de L. .... T 

81. Hymedesmia nummota de L. _........ T 

82. Tedania ignis D, & M. .............008 TEB 
83. TOGRI NEG (A Bi SORE ree caer B 
84. Acarnus innominatus Gray ..........+. TE 
85. Lissodendoryx isodictyalis Carter .... T EB 
86. Xytopsues griseum Schmidt ............ EB 
87. Desmapsamma anchorata Carter ....  E 
88. Psammascus psellus de L.  ........04+ 14 

89. Holopsamma helwigi de Ly ............ 4h 

90. Aulospongus schoenus de L., ...........- dk 

91. Hndectyon tenax Schmidt ...............- E 
92. Hemectyon hamata Schmidt ............ E 
93. Amphibleptula madrepora Schmidt. E 
94. Thalysias juniperina Lamarck eee 
95. Thalyseurypon foliacea Topsent .... T E 
96. Pseudanchinoé dentata Topsent .... E 
97. Eurypon clavata Bowerbank............ EB 
98. Tricheurypon viridis Topsent. ........ EB 
99. Leptochelastra toureti Topsent ........ E 
100. Microciona affinis Topsent_ ............ E 
101. Axociella spinosa Wilson. ................ TE 
102. Desmacella pumilio Schmidt _........ TE 
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103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
Ht 
112. 
113. 
114. 
115. 
116. 


117. 
118. 


119. 


120. 
121. 
1223 
123. 
124. 
125. 
126, 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
136. 
137, 
138. 
139. 
140. 
141. 
142. 
143. 
144, 
145. 
146. 
147. 
148. 
149. 
150. 
151. 
152: 
153. 
154. 
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Desmacella jania Verrill 
Euchelipluma congeri de Ly ............ Hy 
Mycale angulosa D. & M. .........00--. TE 
Acamasina laxissima D. & M. ........ E 
Anomomycale titubans Schmidt .... E 
Tylosigma campechiana Topsent .... E 
Pandaros acanthifolium D. & M..... TE 
Toxema tubulata Dendy..............0+-+- 1 Wh 
Biemna microstyla de L. 
Evomerula agassizi Topsent ............ E 
Vomerula tenda Schmidt 
Ptilocaulis marquez D. & M. 
Anacanthaea rea de L. 
Axinella reticulata Ridley 
Det Vier teats nee eee KE 


Stylissa hirta Topsent 
Thrinacophora spinosa Wilson. ........ 
Higginsia strigiulata Lamarck 
Ommatosia rugosa Schmidt 
Halichondria melanadocia de L. .... T 
Rhaphisia ambrosia de L, .........000... ak 
Hymeniacidon amphilecta de L. .... T 
Be heliophila Parker .... 

Densa araminta de L. 
Oxeostilon burtoni de L. 
Viles ophiraphidites de L. 

Spheciospongia vesparia Lamarck . T 

‘ othella de L. ne B 
Spirastrella coccinea D. & M. 
: dioryssa de L. 
Alcyospongia india de Li oo... E 
Anthosigmella varians D. & M......... E 
Rhabderemia pusilla Carter E 


Se se 


Halicometes stellata Schmidt © ........ B 
perastra de L..........:...+. T 
Paratimea galaxa de Ly .........cccccees T 
Terpros fugaz D. & Ma. .........:c00-.s00e TEB 
Pseudosuberites melanos de L. ........ T 
Radiella sol Schmidt .................00..++ TE 
Aaptos aaptos Schmidt .................... E 
3) Oergmannt db Lila .ctccccsste B 
Cometella gracilor Schmidt _ ............ E 
Ridleia dendita de L.  o...escecseeeeeee E 
Stylospira mona de Lz... E 
Isociella lobata Wilson. .............0.0006 E 
Placospongia melobesioides Gray .... TE 
Cliona caribboea Carter ........cccccce- TEB 
ATT 77h eB yeh Wale eth PON 2 B 


Aciculites higginsia Schmidt 
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156. 
157. 
158. 
159. 
160. 
161. 
162. 
162. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
17a: 
172. 
178. 
174. 
175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 
187, 
188. 
189. 
190. 
191. 
192. 
193. 
194. 
195. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 


Poritella decidua Schmidt ............... E 
Leiodermatum ramosum Schmidt . E 
Trachygellius cinachyra de L. ........ T 
Stellettinopsis ketostea de L. ............ B 
Najam solida de Li. irs. cacsasennsagtecses dt 
Bipallas ajaa de Li. © cscvrenccusssoussenses B 
Epipolasis angulospiculata Carter . TE 
Azinyssa albolutea D. & M. ............ E 
Tethya actinia de Var aL. kiss scesecsounenns 

5, repens SCHUUCEs ccc ene: 

,, dvploderma Schmidt ............ Ak 
Tethycordyla thyris de Ly ...........0++ 
Desmascula desdemona de L. 
Schleritoderma paccardi Schmidt .... 
Ancorina fenimorea de L. ............++ 
Monotria solidissima Wilson...........- 
Hez:kia demera de L............:..:000:00+ 
Kapnesolenia fisher de L. 
Neothenea enae de L. .............:c::00000 
Penares mastoidea Schmidt 
Tribrachium schmidtii Weltner 
Stelletta grubit Schmidt .................2.. 
Myriastra kallitetilla de L. 

a fibrosa Schmidt................ 
Pachymastisma apiarium Schmidt . 
Geodia gibberosa Lamarck 
Erylus alleni de L. 
Craniella tethyoides Schmidt 
Cinachyra cavernosa Lamarck ........ 

ss allocladia Uliezka............. 
Tetilla minuta Wilson 
Fangophilina submersa Schmidt .... 
Corallites typus Schmidt 
Discoderma dissoluta Schmidt ........ 
Macandrewia amphiaster Schmidt . 
Neopelta imperfecta Schmidt............ 
Rimella clava Schmidt 
Plakortis simplex Schulze .............-.. E 

Pachastrella monilifera Schmidt. .... 
+, dilifera de L. 
Pachataxa lithistina Schmidt 
Samus anonyma Gray 
Astroplakina hartmeyert Uliczka .... 
Vetulina stalactites Schmidt ............ 
Daedalopelta nodosa Schmidt 
Chondrilla nucula Schmidt 
Chondrosia collectrix Schmidt 
Cyrtaulon sigsbeei Schmidt 
Aphrocallistes bocagei Wright 
Farrea facunda Schmidt 
Rhabdodictyon delicatum Schmidt . 
Dactylocalyx pumiceus Stuchbury . 
3 potatorium Schmidt . 
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208. Dactylocalyx subglobosus Gray ........ E 222. Leuconia nivea Grant........:....ceee E 
209. Diaretula cornus Schmidt ................ E 223. »  rudtfera Poléjaeff ............ E 
210. Lefroyella decora WyvilleThomson. E 224. Scypha ciliata Fabricius _................ B 
211. Margaritella coeloptychoidesSchmidt. E 22 barbadensis Schufiner ........ E 
212. Myliusia callocyathis Gray. ............ E 226. Leucaltis clathria Haeckel................ E 
213. s conica Schmidt ................ E 227. Leucetta primigenia Haeckel............ E 
214. Diplacodium miatum Schmidt ........ E 228. » floridana Haeckel ............ EB 
215. Euplectella jovis Schmidt ................ TE 229. Pericharax imberbis D. & M._ ........ E 
216. Hertwigia falcifera Schmidt ............ E | 230. Leucosolenia panis Haeckel ............ E 
217. Regadrella phoenix Schmidt ........... E Dale a agassizi Haeckel ........ E 
218. Rhabdopectella tintinnus Schmidt... E 232. s horrida Haeckel ........ E 
219. Leuconia crustacea Haeckel ............ EB 233. = canariensis Miklucho- 

220. » aspera Schmidt ................ B EVER OUON)  eeen ores A Pie 7x tee eh ree TEB 
221. Rena bata Lak Whe 8 aAS i.e... E 


Of the 233 West Indian sponge species, 79 are recorded only from depths of 50 
metres or more. The present study of Bermudan sponges has been confined to 
depths of less than 10 metres; therefore it seems advisable to make comparison 
exclusively with those sponges which have been recorded at depths of 50 metres 
or less. Of the 154 shallow-water West Indian forms, 65 (or more than 40 per cent.) 
are here recorded from the Bermudas, and in comparison 66 were found 1 in my study 
of the Tortugas region. 

Only 24 species are now known to occur both in the Tortugas region, at the 
‘west end of the West Indian region, and also in the Bermudas, at the extreme east. 
At Tortugas there are 42 which are not found in Bermuda, and in Bermuda there 
are 41 species of sponge which are absent from Tortugas. It would appear that 
there is a westerly fauna and an easterly fauna. 

There are 47 species of shallow-water sponges which are recorded from the 
West Indies, but not from either Tortugas or Bermuda. It is therefore clear 
that visits to both Bermuda and Tortugas should bring an investigator into contact 
with more than two-thirds of all the West Indian Porifera. In all the West Indies 
that area which differs most from the two above-mentioned regions is the vicinity 
of the Lesser Antilles (see fig. 2). In particular, a study of the regions about 
Trinidad should be interesting and perhaps revealing, inasmuch as it has not so 
far been intensively studied as to its sponge population. 

Of the 65 sponge species of Bermuda, 18 are described as new. Of these, 
Ianthella ardis, although a new name, is known to occur across the West 
Indies, but the remaining 17 are presumably peculiar to the restricted Bermudan 
locality. Of these, 11 belong to genera that are known to be. well established 
in the West Indies, but 6 bring in new genera. Of the 15 Bermudan species 
not new, but not recorded elsewhere in the West Indies, 11 belong to genera that 
are known to be well established in that great region, but 4 bring in new genera. 
Thus the Bermuda study introduces 31 species and 10 genera to the West Indies. 
These genera, and their previous distribution, may be summarized as follows : 

Thorectopsamma : Only North Australia. 

Dendrilla : Chiefly Australian, but also Indian Ocean, Red Sea and one 
Mediterranean record. 

Liosina : One record in the East Indies, one in the Antarctic. 
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Biemna: Many species and records from the North Atlantic, even more 
from the East Indies and Australia. There are also species peculiar to the 
Arctic, to the Antarctic, to Chile, to California, to South Africa and to the 
Mediterranean. | 

Homazinella : Several species in the Australian, Indian Ocean regions, one Arctic 
and one Antarctic. 

Pseudaxinella : Two North Atlantic species, one Indian Ocean species. 

Stellettinopsis : Two Australian species. 

Epallax : One East Indian and one North Atlantic species. 

Desmascula : A new, very peculiar genus. 

Stelletta : A cosmopolitan genus. It is very probable that it occurs throughout 
the West Indies, and that it has been there collected, but the specimens 
referred to some other genus. Some of the many obscurely described genera and 
species from the West Indies, if specimens were available, would doubtless turn out 
to be Stelletias. 

Comparatively few places in the world have been carefully studied as to their 
sponge population. The coasts of Great Britain, the Arctic, Antarctic, the 
Dry Tortugas and the Bermudas are the best known, also some parts of the 
Mediterranean. Because of the fragmentary state of our knowledge, precise, quanti- 
tative figures are not yet possible. Yet it appears quite clear that the Porifera 
of the West Indies have their closest affinities with those of the Mediterranean, 
and after that, to the East Indies. 

This matter of relationship between the Bermudan and the general West Indian 
faunas may be considered in terms of an example. 

One of the most conspicuous sponges of the West Indies is the gigantic 
‘loggerhead ”’, the world’s largest sponge. This was described very early, as a 
result of its conspicuous nature ; Lamarck called it Alcyonium vesparium, 1814, 
page 78. Marshall, in 1892, page 32, erected the genus Spheciospongia for it. The 
largest sponge at Bermuda, often a metre in diameter (especially near Abbott’s 
Cliff) is a member of this genus—clearly corresponding to and occupying the niche 
of the loggerhead. It may be called the Bermuda loggerhead. Its spiculation is 
the same as vesparia, and those taxonomists who rely exclusively upon spiculation 
might synonymize the two, but I have described it as othella, sp. n. Both 
vesparia and othella have very coarse structure and great variety in the size of 
openings (in contrast to large oscules and small pores). On the other hand, there 
are emphatic differences. I have studied hundreds of specimens of vesparia, alive 
and preserved, and close to a hundred specimens of othella, the Bermudan form. 
The latter always has a black or melanic pigment that is absent, or at least non- 
evident in Tortugas Spheciospongias. The largest openings in vesparia are seldom 
over 2 cm. in diameter, but almost all othellas have far larger oscules, and those 
othellas that do not are probably still quite young. Many of the Bermudan logger- 
heads have tall oscular chimneys; regardless of environment the Tortugas 
loggerheads lack these. There are other differences, too, such as the yellow streaks 
in othella. One can scarcely doubt that these Spheciospongias have a common 
ancestry, and that they indicate a faunal relationship between the west and east 
parts of the West Indies, but we may equally be sure that- evolution has been 
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going on, and that some of the Bermudan forms have enjoyed mutations not 
affecting the rest of the West Indies, and vice versa. 

The matter of relationship between the West Indian and the Mis ee 
faunas may also be considered in terms of an example. 

One of the most conspicuous sponges of the West Indies is the flaming red ‘“‘ fire 
sponge’. This was early noticed and named Thalysias ignis by Duchassaing and 
Michelotti in 1864, page 83, and transferred correctly to Tedania by Verrill in 1907, 
page 339. In the Mediterranean there is a greenish black sponge which was first 
named Halichondria anhelans by Lieberkiihn, 1859, page 522, and transferred to 
Tedania by Burton, 1930, page 352. The two species, ignis and anhelans, are so 
closely related that their skeletons in general, and their spicules in particular, are 
indistinguishable. This is quite significant, and undoubtedly points to a common 
ancestry and faunal relationship. In fact, some experts would regard them as 
conspecific, but my opinion is: that the protoplasmic differences are so great, 
especially in colour, that they are not conspecific ; consider, for example, how many 
species of birds differ only in colour: the genus Dendrovca is illustrative. | 

It is by no means unheard of to discover full specific identity between Mediter- 
ranean and West Indian sponges ; for example, Ircinia fasciculata, Aplysilla sulfurea, 
and Stelletta grubia may be mentioned, but it is far more common to find corre- 
sponding but slightly different species, as the American “ yellow sponge ” Spongia 
zimocca barbara, or Spongia barbara differs from the European Spongia zimocca, 
and the West Indian “sheepswool”’ Hippiospongia lachne differs from the 
Mediterranean “ horse sponge ”’ or Hippiospongia communis. 


An analysis of the ecology of the sponges of a region in North Carolina, almost 
due west of Bermuda, is given in de Laubenfels, 1946, page 39 and following, 
and environmental effects were studied at Tortugas, and reported in de Laubenfels, 
1932, page 55 and following. Such an outline may be based on the principal 
headings of physical, chemical, and biological environments. The third of these 
includes effects received through the agency of living organisms, regardless of the 
fact that these effects are partly chemical and partly physical. ‘The terms physical 
and chemical are reserved for the non-living environment. 


PHYSICAL EcoLoGy. 


The physical environment is entirely one of blows. Sponges do not grow where 
they might be buffeted. For example, on certain jetties other conditions might 
be suitable, but the frequent chafing of boats and of ropes render the environment 
unbearable. 

Currents constitute a chief source of blows, either impacts of the water itself, 
or by pushing flexible sponges against less flexible neighbours, or by picking up 
objects and with them striking the sponge. Winter storms obviously tear whole 
sponges loose from their attachment, and cast them up onshore to die. Obviously 
many more are killed without being cast into the wrack. 

It has been widely assumed, for example in my article (1947) on Beaufort 
sponges, that currents profoundly modify sponge shape—certainly encrusting 
sponges are the rule in many regions of violent currents. Yet in Bermuda the 
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symmetrical Callyspongia is the commonest sponge where currents are most violent, 
and it is there just as symmetrical as when it grows in calm waters. It may be 
that, as so often is true, the environment works chiefly by selection. Species that 
stand up so as to receive the full force of strong currents may be sha away 
when other species that are naturally recumbent may survive. 

Currents may be effective in killing by carrying excess sediments and with them 
burying or smothering sponges, but this is a minor matter in Bermuda. In con- 
nection with dredging operations in Castle Harbour it is reported that enough silt 
was produced or turned loose in the water to kill large numbers of invertebrates, 
but the absence of rivers keeps the amount of available silt rather small. 

Currents may be helpful by carrying away wastes and fetching food and oxygen. 
The findings of K. D. McDougall, 1943, page 321 and following, concerned currents 
oi unknown absolute speed, but controlled relative speed. The fastest were 
certainly less than 4 kilometres per hour. In a medium speed a maximum 
number of larval sponges (Haliclona) made successful attachments, and likewise 
those already attached grew fastest in a medium-speed, current. My own obser- 
vations showed maximum growth “in the field’ near bridges where the current 
was concentrated and so raised to a measured speed of 3 kilometres per hour (two 
miles an hour). In California, Leucetta losangelensis thrives where the surf beats 
with great violence, but few other sponges do likewise. Doubtless there are 
sponges of especial tolerance for strong currents, and others very tolerant of 
stagnation, but the commonest situation appears to favour an environment with 
currents which travel at about 3 kilometres per hour. 

In connection with buffeting and currents, the place of attachment of the 
sponge becomes significant. Very few sponges survive unless firmly attached ; 
a very few, especially of the genera Tetilla and Craniella, may continue to live in 
spite of being rolled about, but this is exceptional. Obviously sponges will grow 
on top of hard objects, such as stones, bits of dead coral, shells or artefacts of all 
kinds, from old beer bottles to iron rails; but those on top may be smothered or 
stepped on, bruised and crushed. It is made certain by my field observations 
that much greater success or survival occurs elsewhere. Sponges grow well on 
horizontal surfaces only if debris does not accumulate. They survive far better 
on vertical surfaces. They do best of all on the underside of submerged surfaces. 
This may be referred to further in discussing the subdivisions of environment at 
Bermuda. 

Temperature is one of the more important physical effects, but it operates 
chiefly by selection. Species that cannot endure cold do not live in the Arctic, 
simply because they would die there. Those that cannot endure warm water 
similarly do not occur at Bermuda. Unusual temperatures may be disastrous : 
witness the mass deaths recorded in Verrill, 1902, page 92. A study of sponge 
tolerance of temperature is given in de Laubenfels, 1932, page 56; sponge cells 
died at temperatures below 18° and above 36°. Later it was found that records 
of ocean temperatures at that locality indicate that the lowest winter temperatures 
were 18-6°, and the hottest summer temperatures 35-1°. Obviously only pte ge 
that are adapted to the neighbourhood manage to survive there. 

Aplysilla glacialis is perhaps the world’s most temperature-tolerant sponge— 
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certainly it endures amazing differences. It was first recorded from the Arctic, 
since reported from the south of Australia, the coast of California, and now from 
Bermuda. Systematists use the word “ cosmopolitan ” of species, but few species 
so thoroughly deserve that designation as this one does. 

Sound seems to play nearly no role at all in the biology of sponges. The electro- 
magnetic waves are more important, but infra-red makes itself effective largely in 
terms of temperature. Ultraviolet is usually studied in conjunction with light. 
The shorter waves are chiefly deleterious, but they are so uniformly distributed, or 
so rare, that they have either very uniform effects or very little effects, therefore 
they are not much studied. 

Light is a decidedly important Preronmental factor. It is probable that many 
sponges live, in part at least, by means of contained symbionts, plant cells that 
require light for photosynthesis. Other sponge species flourish in utter darkness, 
therefore they must have some other diet ; but no sponges were found to be growing 
in complete darkness in Bermuda. Offshore, in the three-mile-deep Atlantic, some 
doubtless do. . 

Nearly half the sponge species which were studied at Bermuda grew in bright 
iulumination. Those mentioned as living only on the underside of stones did not, 
but especially the following genera favoured brilliant light :— 


Tedania Tethya Callyspongia 
Homaxinella Lanthella Spheciospongia 
Pseudaxinella Terpios Chondrilla 

_ Cliona Cinachyra Haliclona 
Dysidea 


It may be observed that all the colours of the rainbow are represented. By 
bright illumination it is here meant that the sponge grew with no shield from 
the direct rays of the very potent sun (for the atmosphere is very clear) other than 
an overlying thickness of 1 metre of sea-water. Whatever light pierces that 
depth of -sea-water obviously permits or encourages luxuriant growth. 

There is much obvious connection between light and colour. Many sponges 
have a special layer of pigment on the side or sides of their bodies that are 
most exposed to sunlight. (1) This may absorb otherwise injurious radiation and 
so shield the underlying tissues: (2) By this absorption it may raise the internal 
temperature. The findings of de Laubenfels, 1946, page 40, indicate that for 
intertidal sponges a rise of 4° Centigrade or 7° Fahrenheit above the surrounding 
air or water may be produced. (3) The pigment may be photosynthetic and convert 
the absorbed energy not merely into heat but rather into chemical manufacturing. 
Series could be studied at Bermuda—especially for Leucetta floridana ; a sequence 
of individuals might be found ranging in placement from out in the open (except 
for 3 metres of overlying water), then deeper and still deeper into a cave, until 
some were 8 metres back, under the roof, and therefore only dimly lit. There 
was a nicely correlated gradation in pigment, from rosy pink outside, to chalky 
white specimens farthest in the dark. 

MacDougall’s findings do not indicate any phototaxis, either positive or negative, 
for those sponge larvae (Haliclona) that he studied. 
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CHEMICAL ECOLOGY. 


This supremely important field of study for the Porifera has yet to be HORDE, 
investigated in Bermuda. 

The Tortugas investigations reported in de Laubenfels, 1932, page 57, indicate, 
as might of course be anticipated, that sponges are sensitive to small changes in 
the acid-alkaline balance of their environment. This is superimposed upon the 
problem of pH within the sponge protoplasm itself, as indicated further below in 
connection with Aplysilla sulfurea and Ianthella ardis. The pH of the open sea 
is well known, and near Bermuda it is always between 8-0 and 8-3, but the local 
variations may prove to be significant. The pH of the inland ponds and the 
relationship thereof to the biota of these ponds should be determined. 

‘In the reference cited above, and in the Beaufort study, the role of tonicity is 
seen to be outstanding. Comparatively few sponge species will grow where, the 
water is at all brackish—most of them demand full oceanic salinity. The one 
species, T'erpios fugax, which at Bermuda was found in slightly brackish conditions 
(Mangrove Lake), belongs to one of the few genera with such a tolerance. It 
should be observed that the literature references term this genus Laxosuberites, 
but this genus name falls in synonymy to the earlier name Terpios. A few deter- 
minations of salinities are available for subdivisions of the Bermuda environment, 
some of which are mentioned in the following discussions. 

Phosphate and available nitrogen must surely be of major importance, but we 
are at present restricted to deduction and surmise with almost no precise data. 

The oxygen-carbon dioxide relationships of sponges have been only barely 
touched upon. In the summer of 1947 I took a few minutes from an extremely busy 
programme to check on this, and rough measurements indicated that the oxygen 
consumption of Homazxinella rudis resembled that of Lotrochota birotulata as reported 
on page 64 of the Tortugas physiological investigation—close to.0-15 c.c. of oxygen 
per hour per cubic centimetre of sponge, with a reduced consumption in light as 
compared to shade. The apparatus tried proved to embody so large a margin of 
error that details are not worth publishing, but it is clear that the Bermudan 
sponge is not greatly different from the carefully studied Tortugas sponge. 


BIOLOGICAL INTERRELATIONSHIP. 


The preceding remarks about oxygen relationship carry the suggestion of 
photosynthetic activity. Sponges have long been known to be intricately involved 
in symbiotic relationships. More and more we find that this, that and the other 
species of sponge contains vast numbers of algal cells, or—to be more precise—the 
cells of Cyanophyceae, also called Myxophyceae. Many Bermudan sponges are 
described in the companion article to this one as eu aming green or otherwise | 
pigmented vegetable cells. 

Jania is a genus of coralline algae, but may be green instead of the red that. 
usually characterizes its class, the Rhodophyceae. A Bermudan species looks 
almost like miniature equisetae ; it comprises green thread-sized branching filaments 
that easily come apart at regular nodes, with fluted walls to the cylinders. In 
his 1907 account of the Porifera of Bermuda, Verrill exhibits considerable interest. 
in the Desmacella that he found; it was packed with this seaweed, so he named 
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it Desmacella jania. In 1947 I found many specimens of the same species, but 


none contained that alga. On the other hand, quite a few specimens of Xytopsues 


griseus contained Jania, even. fairly large quantities, and the alga gave every 


evidence of being quite alive and healthy. One may. readily comprehend that it 


-could make good use of both the nitrogenous waste and the carbon dioxide from 


the animal in which it resided. Doubtless, also, the sponge would profit from the 
released oxygen. On the other hand, it appears highly improbable that the sponge 
digests this particular alga. 

Dysidea is a genus of sponges that normally has a fibrous skeleton, but it regularly 
fills the fibres with sand or other foreign material from the environment. In fact, 
Dysidea is well known to be outstanding among sponges for the profusion of debris 
with which its fibres are loaded. In 1947 it was not Desmacella but instead it was 
Dysidea that proved to be really loaded with Jania.. Yet Dysidea may pick up 
foreign spicules too. The Xytopsues specimen that contained Jania also contained 
miscellaneous other debris. Thus we must consider the possibility that Verrill 
found specimens of Dysidea fragilis that were richly provided with Jania, but also 
provided with some Desmacella spicules, and. that these were the basis for his new 
species. The possible synonymies of Desmacella jania Verrill have not as yet been 
adequately investigated. 

All of the specimens of Dysidea fragilis that were found in Bermuda during the 
summer of 1947 were green, whereas grey is expected. They grew along the 
extreme north-east shore of the main island of Bermuda, between the Swing Fide 
and the Causeway, thus in waters contiguous with Ferry Reach. , Except for the 
green colour, they had so precisely the appearance of Tortugas specimens of 
Dysidea fragilis, with which I am familiar, that the identification is confidently 
made. The dermis, the oscules and their iris-like closing membranes, the flagellate 
chambers, canals and pores, all were completely typical of Dysidea fragilis ; but 
there were no fibres whatsoever! Instead, just where fibres should be expected, 
and everywhere that fibres should be looked for, were the strands of the green 
Jania. Ina handful of specimens there would be three to five times as much alga 
as sponge—the sponge cells restricted to interstices between the superabundant 
algal filaments. 

A somewhat similar phenomenon is described by Topsent, 1929, page 26, in a 
sponge which had been incorrectly termed Hymeniacidon cliftoni by Bowerbank, 
1861, page 785. Its correct name is Anomoclathria frondifera, being first named 
Spongia frondifera by Lamarck, 1814, page 445. Topsent (loc. cit.) established the 
genus Anomoclathria for. it, with great amazement at the discovery that it employed 
algal filaments in lieu of the fibres that were to be expected. This genus has proper 
spicules in addition to the plant filaments ; related species have similar spicules, 
but proper spongin strands. Should we parallel Topsent’s action.and make a new 
genus for these algae-containing Bermuda specimens? The latter are here left, 
not only in the genus Dysidea but in the species fragilis, which they so definitely 
resemble. 

Porifera may occasionally have an antagonistic relationship to their environment. 
In the Beaufort study attention is directed to the potency of sponges for smothering 
and killing barnacles. In the analyses of Bermuda environments one may notice 
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large areas of submarine rock solidly covered by sponges. It is very likely 
that previous inhabitants of those areas were destroyed by the encroaching sponges, 
probably by mere overgrowth and smothering. Dead remains of barnacles, bryo- 
zoans and coelenterates are often found in sponge tissues. 

Cliona lampa offers a special case. This species is amazingly abundant in 
Bermuda. All Clionas bore. The common celatas and caribboeas make meandering 
galleries, often more than 1 mm. in diameter, in calcium carbonate. When this 
is a shell of a mollusc, such as an oyster, it may do great damage by quite or almost 
piercing the armour and leaving the mollusc vulnerable, or stimulated to an exhaus- 
tion of excess shell-depositing activity. The Bermuda lampa makes galleries (if 
they may be so called) less than 1 mm. in diameter, but extremely numerous and 
close together, so that the substratum is drastically riddled and reduced. 

Now the stone of Bermuda is all calcareous—hence the jetties and sea walls 
are limestone, all vulnerable to Cliona. It is a matter of some concern to observe 
the rate at which such building material, when submarine, is being crumbled by 
this sponge. The rock seems to turn bright red, then melt away, disintegrated by 
lampa. Right at the Biological Station, for example, notable destruction of the 
jetty by Cliona can be seen. 

Numerous other animals are inimical to sponges, as might be expected. Fish 
seldom eat them. I have run controlled experiments, especially with the commer- 
cial Spongia, which—like other Porifera—is usually ignored by fish. I put bits 
of the sponge down their throats by means of a glass rod. In the control, at the 
same temperature, salinity and other water conditions, fish of the same species 
and size were similarly held in the hand and glass rods pushed down their throats,. 
but no sponge was intruded. Thus proof was obtained that the Spongia was not 
poisonous, for the forcibly-fed fish did not die, but it was irritating, because they— 
as compared to the relatively unaffected controls—flipped about, and by vigorous 
contortions gave indications of internal discomfort. Fish stomachs were studied 
at Tortugas, and only rarely were any sponge fragments discovered in them. Parrot 
fish did contain some J'edania, but only such bits as would be accidentally ingested 
during gulps at the worms and arthropods which were on or in crannies of the 
sponge. Yet some worms will attack and eat sponges. A large percentage of all 
Bermudan sponges contained annelids and nematodes, as discussed below. 

Records. of the eating of sponges by amniotes (reptiles, birds and mammals) 
are extremely uncommon. I recall reading somewhere in the writings of Vosmaer 
the comment that he had read someone’s report that this person had been told 
that human beings in the Mediterranean region sometimes ate Chondrilla. At 
Bermuda, Major Louis Mowbray, Director of the Government Aquarium at Flatts, 
reports that he regularly feeds Chondrilla to the turtles in his tanks, and that 
these reptiles eat it voraciously. Chondrilla contains no megascleres, does 
have much flesh, consequently there is no reason to be astonished if it should 
prove to be edible. In few places, however, is it as abundant as at Bermuda, 
hence it is seldom important as an article of food. 

In the Beaufort discussion, to which frequent reference is here made, in various 
species (genera Hymeniacidon and Lissodendoryx) a ratio of at least three inhabi- 
tants per cubic centimetre of sponge was found. These inhabitants were chiefly 
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small nematodes, but there were nearly as many amphipods, and quite numerous 
annelids. At Bermuda, much the same situation exists. In particular, I observed 
striking cases of annelid worms busily eating sponge cells. Under the microscope 
on July 24, 1947, I watched an annelid (of 21 segments, very large parapodia 
with conspicuous setae, four large palp-like projections on its head, like jaws and 
antennae) devouring Janthella ardis flesh. What protection does the sponge 
possess ? To watch such voracity, one would anticipate that there would soon 
remain only bare skeletons of sponges. These little worms, only 1 to 4 mm. long, 
can eat sponge cells without being bothered at all by the spicules which may be 
present, and keratose sponges such as Janthella have no spicules. Yet one does not 
find cavities that give the slightest indication of having been carved out by pre- 
dators. It regularly looks as though the devouring worm had just started his 
meal a few moments before—an obviously ridiculous conclusion. We may 
assume with almost certain accuracy that the sponge regenerates or heals the 
wounds with great rapidity. 

That sponges grow over other sessile invertebrates, and so smother them, was 
mentioned above. It is curious to note the lack of indications of the reverse. 
Bryozoa, for example, may be found growing above sponges, their stalks surrounded 
by sponge tissue, but they certainly did not start under or on the sponge ; it 
must be the sponge that is surrounding them, encroaching upon them, and perhaps 
ultimately to engulf them. Instances do occur, however, of one sponge overgrowing 
another sponge. This does not necessarily kill the victim. Apparently a buried 
sponge may get water that has come all the way through its cover-lid, and send 
its own output the same way out. At Beaufort I found Calyxabra poa to be 
living exclusively under layers of Hymeniacidon, nowhere else, a possibly mutual 
relationship or symbiosis. In California I found Vedanione obscurata living only 
under layers of tunicates. At Bermuda, Hpallax ajax was thriving, although almost 
completely covered by two other species of sponge. 

Sponges may resist animal parasites and overgrowth, only to perish from cold 
or violent currents, and they may also die of disease. In December 1939 a terrible 
epidemic arose in the Bahama Islands, killing commercial sponges wholesale. 
No one made a study as to what other kinds of sponges were affected, but it seems 
as though at least some other species escaped the malady. Of course, the non- 
commercial sponges may suffer devastating epidemics which pass unnoticed if 
they happen to be infections to which the commercial species are immune. 

That the disaster was a contagious disease appears well proven. Careful tests 
were made, and showed that no appreciable difference in salinity, pH, dissolved 
oxygen, silicates, calcium or phosphates in the environment accompanied the 
malady. New areas were affected in sequence as they were down-current from 
areas already infected. Obviously healthy sponges were exposed by contact with 
diseased ones, and thereupon became similarly diseased. 

The cause of this particular disease is not known. Reports mention tilamentous 
fungi as occurring in the dying tissues. It is my observation that precisely similar 
filaments occur in sponges that are dying of stagnant water, excess heat, and 
perhaps other causes. But these filaments are, I feel quite sure, bacterial rather 
than fungoid, always realizing that some lowly organisms cannot be sharply 
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separated as between undoubted fungus mycelium and filamentous bacteria 
(Actinomycetales). The extreme thinness, only about one micron, seems to 
indicate bacterial nature. It is quite likely that the sponge tissue may first be 
moribund from some other cause, and then be disintegrated by these bacteria. 

By April 1939 the epidemic had spread through most of the West Indian region. 
The sponge fishermen were very seriously affected, and long before the close of the 
season entirely ceased their vain efforts to obtain sponges. In 1940 there was 
little further spread of the disease, because it extended to the mainland at the west, 
to deep Atlantic Ocean on the east, and to colder waters at the north, where 
commercial sponges do not grow. It may have continued spreading to the south, 
but little is known about the sponges of Brazil. Perhaps the output of the Amazon 
River creates an effective barrier to spread of sponges or sponge diseases. 

In 1947 the Sponge Institute (Washington, D.C.) reported in a personal jetta 
that the sponge fisheries of the Bahamas, where the epidemic was most severe, 
had not recovered to more than a fraction of their former productivity. 

The older inhabitants of the Bermudas tell emphatically of fairly numerous 
commercial sponges—although of only mediocre quality—in the waters about 
their islands. The Government Museum at Flatts contains a number of specimens 
of Spongia, up to greater than head size. In the summer of 1947 an earnest effort 
was made to find any living Spongia, but not even the smallest specimen could 
be found. We searched in all the localities where they were reputed to have 
been most common, but in vain. We enlisted the help of native Bermudan men 
most familiar with the sea and its products, but they, too, were utterly unable to 
find a single Spongia. May it perhaps be true that the above-mentioned epidemic 
reached Bermuda later than it reached the main portion of the West Indies, so 
late that in 1947 its devastating effects were still i evidence. Or may it rather 
be that, whereas in the regions of the greater abundance some Spongias survived, 
in Bermuda all the Spongias died, and are—at least temporarily—extinct. 


SPONGE REGENERATION. 


Tt has long been known that dissociated sponge cells survive and re-form into 
small, viable sponges. Many species that are common and readily available at 
Bermuda are quite useful for further study of such phenomena. Dr. Lucena Barth, 
in 1947, grew many thriving specimens of spongelets of Haliclona molitba from 
completely dissociated cells. Dysidea crawshayi proved especially interesting in 
this way; at Tortugas I tried various keratose sponges, especially Spongia 
officinalis variety obliqua (or Spongia obliqua), and several species of Ircinia, but 
from none of them could | get any reuniting cell masses at all. This bright 
orange Dysidea of Bermuda actually gave small reunited spongelets in 1947. 
While they were not very large or thriving, they nevertheless constitute a new 
record for their order. In my experience they never prospered, and all were dead 
in less than two days. Dr. Barth suggested trying sulphadiazine ; so beginning on 
July 24, 1947, I ran controlled experiments, petri dishes of cells of Dysidea 
or Homaxinella, with or without sulphadiazine. By July 28th all the Dysideas 
were obviously dead—the ones with sulphadiazine a trifle less teeming with 
bacteria and infusorians than those without it. The Homazxinellas all continued 
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to thrive for many days, with no appreciable difference between those with and 
without the sulphadiazine. 

Homazxinella rudis is very suitable for reunition experiments. On July 14, 
1947, I began some’ cultures of this species. The adult sponge, collected well 
after noon, brought some ten miles by boat in a bucket, was cut up and squeezed 
through bolting silk at 3.45 P.M. 

Microscopic study showed that entire flagellate chambers came through the silk 
quite commonly. I believe this has been true of all reuniting experiments of mine 
and of other workers in this field, and that all too little importance has been 
attached to the phenomenon. It is also quite certain, as Dr. Wilson himself pointed 
out, that bacteria in the water have been mistaken for the flagellate cells of the 
sponge. One of the first cases of reuniting sponges to be illustrated is in H. V. 
Wilson’s 1911 report. Of his pl. iv, figs. 21 and 22 are widely copied, appearing 
in a number of elementary and advanced text-books of zoology. Yet the flagellate 
cells which are there figured and described as being those of the sponge, are not 
such cells at all, but foreign! Occasional suspensions of the cells of this sponge 
(Microciona) do have this type of cell present, but most of them do not. 

Another item of great importance in the study of reuniting spongelets that 
has been seriously overlooked, involves the method by which the cells get together. 
Wilson’s method, which is the one most others—including myself—have copied, 
was to express the cells into a beaker, let them settle, and then strew them with 
a pipette. I can positively state that for Dysidea and Homaxinella, as studied at 
Bermuda, the major steps in reuniting took place in the densely packed mass of 
cells at the bottom of the beaker. Microscopic study showed extensive inter- 
cellular cohesion and filmentous connections, before, during and immediately 
after strewing the concentrated suspension. It is true that Wilson’s method is 
especially likely to yield viable spongelets, ones that go on to indefinite growth. 
But it definitely is not the best method for ascertaining what are the earliest steps 
in the phenomenon. 

Homaxinella, handled by the Wilson technique, reunited very well. Within 
24 hours the spongelets were attached and moved out to running sea-water aquaria, 
where they were still thriving when the time came for me to leave Bermuda. Not 
a great deal need be said about the history of these spongelets, but the following 
brief notes apply. 

July 14.—Expressed at 3.45 p.m. Strewn at 4.00 P.M. 

July 15.—Into running sea-water aquarium, 4.00 P.M. 

Flocculent masses up to 10 mm. long, 2 mm. wide, attached. 

July 31.—Area at least doubled. One mass is now 40 mm. long. There are 

many strands 0-4 mm. wide, 14 to 32 mm. long. 
- August 16.—Area reduced slightly, but estimated thickness much more than 
doubled in last two weeks. No spicule formation. Flagellate chambers only in 
thicker central portion—the peripheral region, its width about one-fifth the sponge- 
let’s total diameter, is devoid of flagellate chambers. 

August 19.—Preserved. 

Motion pictures or photomicrography of reuniting cells of Dysidea crawshayt 
were taken by Dr. EK. R. Baylor. Because the Wilson technique was employed, 
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much of the cell association had taken place before the first picture was taken. 
It is here suggested that Dysidea and other keratose sponges are not the best 
subjects for such investigation because they reunite less vigorously than do many 
other sponges. 

Some Homazxinellas were allowed to reunite by the more direct method that I 
described in my reports on physiological investigations at Tortugas. They also 
throve nearly as well as the ones handled by the Wilson technique. This method 
is interesting for illustrating what goes on among the sponge cells. The assumption 
was made by the earlier investigators of reuniting sponges that the association 
was largely or entirely due to amoeboid activities. Were this true, there should be 
a gradual increase in the size of the reuniting masses with a concomitant decrease 
in their number. One may visualize a cell mass rolling along like a snowball rolling 
downhill, picking up new adherents. But after a mass of ten to fifty cells get 
together, the pseudopodial activivity no longer suffices to move it! Amoéboid 
activity doubtless plays some part, as the Galtsoff experiments prove, but a minor 
part. Loose cells, by amoeboid movement, approach and join the non-motile 
masses. 

In using either the Wilson method or mine, there is often only one or a very 
few actual masses as soon as the bottom of the glass dish is reached. The critical 
interconnections are made within less than a second after the cells have been 
squeezed apart. 

To demonstrate the more critical method, the one that really does involve 
amoeboid motion, sponge cells were expressed into sodium chloride solution, 
isosmotic with sea-water. As Galtsoff pointed out, in such a solution they do not 
reunite at all, but do live for a few hours. From such a suspension they were then 
transferred to normal sea-water. There was definitely some reuniting, but as soon 
as the cell masses were about 100 microns in diameter, they ceased to be able to 
get together, and further reuniting ceased. 

In the usual methods of handling dissociated cells they certainly have a 
widespread interconnection as soon as they settle. The further development, as 
illustrated by the photographs in my 1932 article, is often that of a single sheet 
that shrinks because the cells in it are so moving as to make thicker masses which 
therefore have less area. Tense, taut strands are thus formed between points that 
have attached, with empty lacunae between the strands. If a strand is cut, the 
two ends pull apart after the manner of smooth muscle contraction. 

It is important and significant to observe, as was well illustrated with Homaainella 
material at Bermuda, that when there are reuniting masses of various sizes, the 
larger the mass the larger the bare area around it. It has PULLED TOGETHER the 
cells from that area. Any discussion of how sponge cells get together must take 
into account this easily observed fact. Photographs of this were taken by one of 
the other investigators at Bermuda, but unfortunately without success. In 
my previous publications I have stressed the role of a colloidal ground substance 
in this connection. At Bermuda I found little or no ground substance in reuniting 
Dysidea: perhaps a reason for the relative lack of success in reuniting which is 
exhibited by keratose sponges. Pseudaxinella rosacea had relatively colossal 
amounts of mucilaginous exudate. The amounts were so large as. to prove 
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embarrassing, because it proved to be difficult to keep from getting at least one 
or two tiny air bubbles into the slime. Its specific gravity was evidently very 
nearly that of water, because the slightest trace of an air bubble made it 
float, and thus prevented getting spongelets attached to glass. A method could 
be worked out using upside-down glassware ; this should be easy, but time failed 
me in 1947. Homaxinella, with a moderate amount of colloidal stuff, proved 
therefore more convenient to use. 

It is obvious that spongelet tissues or cells cohere and contract. The coherent 
cells touch one another by pseudopod-like projections, and at the points of contact 
one can no longer find a line of separation within the strand. Many biologists 
would apply the term “‘ syncytium ” to the sort of network that results. Whether 
this term is or is not employed depends largely on how one defines ‘“‘ syncytium ”’. 
It seems to me that it is a definitely temporary, albeit firm cementing which occurs 
between these sponge pseudopods, and that the term syncytium is not the best 
one to use in describing the resulting structure. Yet it is ‘“‘ syncytical”’ or 
syncytium-like. 


SPONGE PIGMENTS. 


A number of species of sponge have the curious property of being yellow when 
alive, but dark purple when dead. The sponges in question belong chiefly or 
entirely to the order Keratosa, but occur in the two families Spongiidae and 
Aplysillidae. Three such species occur at Bermuda. Aplysilla sulfurea, lanthella 
ardis and Verongia fistularis. Many students of sponges would term the latter 
Aplysina fistularis ; the question of whether Verongia or Aplysina is correct is a 
moot point of zoological nomenclature. Krukenberg, in 1880, page 72, used the 
names Aplysinofulvin for the yellow pigment of Verongia, and Aplysinonigrin for 
the purple one. 

On July 3, 1947, the following experiments were conducted with the freshly 
collected, bright lemon-yellow specimens of Aplysilla sulfurea. They were cut with 
scissors and placed in various environments as follows : 

1. The residue, left in the original container of sea-water, turned Barre in 
eight minutes, perhaps due to the rough handling that it had received. 

2. A piece taken out of water, left in the air, turned purple in three minutes. 

3. A piece put into a | per cent. solution of NaOH in sea-water turned purple in 
twenty minutes, but a faint purple, not a dark shade as expected. After two days 
there was still no further change in colour. 

4. A piece put into a | per cent. solution of HCl in sea-water showed no change 
in colour, not even in two days. The solution assumed the same yellow colour as 
the sponge. 

5. A piece put into a | per cent. solution of acetic acid in sea-water (using 
glacial acetic) showed no sudden change, but by the second day was definitely a 
more orange colour than the normal yellow, and the solution was an even darker 
orange than the sponge. 

6. A piece put into a | per cent. solution of sodium hydrosulphite in sea-water 
showed no colour change, even in a week. 

7. A piece put into alcohol turned dark purple within forty-five seconds. 
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8. A piece put into alcohol plus a little sodium hydrosulphite remained lemon= 
yellow, not turning purple, for several weeks. 

Sodium hydrosulphite is a strong reducing agent; thus there appeared to be a 
connection with oxidation-reduction and the emphatic colour change. 

Professor W. Bergmann of Yale University took some alcoholic solution of 
this Aplysilla sulfurea pigment and added hydrogen peroxide : it immediately 
turned violet. He added sodium hydrosulphite and it immediately turned yellow 
again. He repeated this a number of times and the colour reversal continued to 
occur unabated. Again this seems to indicate an oxidation-reduction reaction. 

The size of the specimen has an effect, doubtless correlated with the environment: 
of the cells which contain the pigment. The pieces cut off for use in the above- 
described experiment were about 3 cubic centimetres in size. This same day a 
specimen of Aplysilla sulfurea 3 by 5 by 8 cm. was taken out of water and left 
lying on a board. It took three hours for the whole mass to turn purple, although 
purple tinges began to appear almost immediately. Evidently the contained sea- - 
water, and insulatory effect of some parts upon the other parts, modified the time 
of death in different parts. 

During the latter part of July and early part of August I tried to rot the flesh 
off the skeleton of a mass of Lanthella ardis which was so large that it filled an 
ordinary bucket. My efforts were in vain. The sponge promptly began to die 
and emit odour of putrefaction, but for a week there were still live cells in isolated 
and dwindling regions, as indicated clearly by microscopic examination of the 
islands that still looked alive. After a month in fresh water, crowded, with no 
circulation, and set out in the full heat of the sun, sections of the sponge still showed 
recognizable cell outlines, and almost no bits of skeleton could be obtained without 
adhering flesh. 

The surface of the water in the bucket became covered, however, with minute 
plates of very dark material that had a metallic lustre. This was repeatedly 
skimmed off and investigated by Dr. Bergmann. He reported that this water- 
insoluble, dark purple pigment promptly dissolved in an aqueous solution of 
sodium-hydrosulphite, becoming bright yellow. It appeared that the reduced 
dye is yellow and water-soluble, and that the oxidized pigment is purple and 
water-insoluble. 

Dr. Bergmann soaked woollen yarn for twelve hours in the yellow solution, then 
let it dry in air. It turned a beautiful violet colour, sun-fast and laundry-fast. 
Mrs. Bergmann knitted various articles from the violet yarn. This is the rather 
rare but valuable VAT PROCESS DYEING. 

Had human beings inhabited the Bermudas from earliest times, surely they 
would have discovered this readily available local dye. 

Whereas the Bermudan experiments pointed definitely to an oxidation: reduction 
basis for the pigment change, this is not necessarily the final conclusion. 
In a personal letter, October 25, 1947, Dr. Bergmann reports a direct connection 
with pH, the yellow colour reflecting an acid condition, the purple an alkaline 
one. It may be that the oxidation-reduction reactions have an effect on other 
substances present, not on the pigment itself. This effect may alter these 
other substances into acid or alkali and then the hydrogen ions affect the pigment. 
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Aplysilla sulfurea in lite is always bright yellow, no matter where it grows, 
but this is not true of the Janthella. When it grows in the dark it is yellow, but 
never so bright as sulfurea. In just so much as its place of growth is affected by 
direct sunshine, the Janthella gets more and more of the violet mixed in, so that 
there is a spectrum from yellow to greenish yellow, to green, to a sort of drab that 
is evidently about equal parts green and violet. Does this indicate that Aplysilla 
sulfurea’s tissues are relatively acid, and that those of Janthella ardis are near the 
neutral point, but rendered less acid by sunshine? Is the pigment the same, 
chemically, in these different sponges ? 

In a personal letter dated December 27, 1947, Dr. Bergmann reports that the 
pigment of Janthella ardis belongs to the group of anthraquinones, like alizarine, 
the madderdye. The acidic form of these dyes is, depending upon its concentration, 


‘light yellow, orange or red, and the salts are all of a deep purple colour. He adds 


that he can now readily reproduce the colour changes in a test-tube. 

Red pigments occur in the axinellids of Bermuda, also in T'edania, Spirastrella, 
Cliona lampa and others. The axinellids both appear much the colour which one 
obtains with lycopene, as in tomatoes, and the two can scarcely be distinguished 
from each other by colour, but the solubilities differ so markedly as to indicate a 
chemical difference. The Homazxinella pigment promptly dissolves out into alcohol, 
leaving the sponge very pale ; the preservative fluid takes on the orange-red hue. 
On the other hand, the pigment of Pseudaxinella is only slowly and slightly soluble 
in alcohol ; after weeks in spirits the sponge shows some signs of bleaching, but is 
still chiefly red and—in fact—is rather bright red. The alcohol is rendered merely 
orange, not red, and this gradually fades to pale brown in a period of months. 

The Tedania looks more like what one might expect of a carotenoid pigment, 
but is also a red that verges slightly upon the vermilion. It is only slowly soluble 
in alcohol, but eventually—say in three months—the sponge in spirits becomes 
quite white. In contrast, the axinellids must have a variety of pigments; they 
never become so pale but remain a dull brown. The alcohol solution of Tedania 
pigment is much paler and more yellowish than the sponge, and in a few months 
becomes brownish yellow. 

Cliona lampa is also somewhat vermilion red, which is suggestive of carotene. 
Its pigment is almost instantly soluble in alcohol, leaving a pale brownish sponge. 
The alcohol remains coloured at least for several weeks, much redder and more 
permanent than is true for the other red-sponges. 

Spirastrella is a brownish red, varying in life quite extensively as to the degree 
of brown, as though there were a red basis, plus varying degrees of green added. 
This red is only soluble in alcohol. 

One would suspect that several different red pigments occur in sponges, perhaps 
related to one another, and probably modified in response to the other chemicals 
that may or may not be also present in the various species. 

The orange pigment of Dysidea crawshayi is only slowly soluble in alcohol. The 
yellow or yellow-orange pigments of Cinachyra, Aaptos and Terpios are also very 
slowly soluble—in fact, they may be really insoluble, but subject to gradual 
decomposition. This seems true of orange-yellow sponges in general. 

The green pigment of Tethya vanishes almost instantly in alcohol. My first 
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reaction was to suspect a chlorophyll or related pigment, but it must be emphasized 
that this is not necessarily the situation ; this green pigment may be quite otherwise. 
It is even possible that the sudden change may be analogous to that which is 
discussed above for Janthella and for Aplysilla sulfurea. The occurrence of red- 
orange T'ethya, almost as common as the green, and the occurrence of living 
intermediates must be taken into account. A greater mystery concerns the 
solitary purple specimen. This latter was turned over to a photographer and in 
the much handling became lost. Perhaps it had changed colour too. The 
Tethya green looks very much like chlorophyll. 

The green pigment of Haliclona viridis also vanishes instantly in alcohol. The 
spirits are not rendered green, however, but orange, and the residue of sponge is 
pale lavender ; this is a matter of concern to those, especially in museums, who 
describe species only from collections in preservative. Most species of Haliclona’ 
are lavender when alive, but these all become drab in spirits. Yet the one that is 
green when alive is the one, perhaps the only one, that is lavender in alcohol ! 

The blue pigment of the surface of T'erpios is quite insoluble in alcohol or water. 
It should be recalled that not all Terpios specimens have this pigment, nor does it 
necessarily cover the whole surface. Once in a while, a specimen of Geodia has a 
bit of its surface coloured exactly the same shade of prussian blue, with the same 
insolubility, so that it appears practically certain that it is the same pigment. 

The blue pigment of Dysidea etheria, and the violet pigments of Callyspongia, 
and the pigment of the several violet species of Haliclona, all seem to be related. 
They vanish instantly in alcohol, and turn the fluid a bright yellowish orange. 
Interesting comparisons may be made between this complementary colour reversal 
and that which was discussed above for lanthella. 

The black, almost certainly melanotic pigment, as found in Spheciospongia, 
Spongia and some Ircinias, is water- and alcohol-insoluble, like melanin. 

It is a matter of conjecture, and worthy of investigation, to what extent sponge 
pigments are developed by the animal itself or acquired from the environment. 
Some may be synthesized in plant cells and ingested. Certainly plant cells may 
impart colour to sponges in which they occur, for example, in Dysidea fragilis as 
above described, and in Lissodendoryx isodictyalis. 

White sponges usually lack pigment and appear white for the same reason that 
snow looks white, due to reflection ; the spicules act like snow crystals. White 
Geodias undoubtedly owe this appearance to the masses of sterrasters which 
occur in their dermis. It is interesting to note that when white specimens of 
Leucetta floridana die, they turn brown, largely because the transparent live 
protoplasm becomes opaque after death. 


OTHER CHEMICAL ITEMS. 


Not only the pigments but other organic compounds that occur in sponges are 
of considerable chemical interest. It seems to me that the mucilage which many 
sponges exude, and also have as an interstitial or ground substance, is of great 
interest. The phosphatides are, in work as yet unpublished, proving to be strangely 
constituted. Dr. Bergmann and his colleagues at Yale are producing a fascinating 
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series of findings with regard to the lipoids of sponges ; when this is available we 
may be able to put much of our taxonomic descriptions in terms of the type of 
sterol which is present. Most of the Bergmann research to date serves in a gratifying 
way to confirm the groupings which have already been deduced from morphological 
studies. For example, certain definite positive-rotation sterols characterize 
the sponges of the various genera of the family Suberitidae, such as Suberites, 
Terpios and Aaptos. 

More research is continuing on the proteins of sponges. Those of Dysidea 
crawshayi are especially remarkable for their high content of fluorine ; apparently 
this halogen replaces iodine in the amino-acid. Yet this is by no means the most 
remarkable fact about this peculiar Dysidea, which is elsewhere so rare but is so 
abundant at Bermuda. Dr. Bergmann reports (hitherto not published) that it 
contains the unheard of quantity of 0-1 per cent. of nickel! This has been most 
carefully verified. Other sponges from the immediate vicinity of these nickel-rich 
specimens are quite otherwise, and contain only the normal, exceedingly minute 
trace of nickel. 


StupDy By AREAS. 


A study of the distribution of the subdivisions of Bermuda’s aquatic biology, 
with especial reference to the sponge fauna of each-area, may be treated according 
- to the six headings that were employed in describing the archipelago, namely : 

. The reef-studded shallows of Greater Bermuda. 
. Intertidal and coastal zone. 

. Harrington Sound. 

. Mangrove Lake and comparable waters. 

. Walsingham Pond and comparable waters. 

. Enclosed bays and harbours. 
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In this study considerable use has been made, and credit is here given, to a. 
mass of data that was accumulated by Dr. Hilary B. Moore, and which, in the 
summer of 1947, was available at the Bermuda Biological Station for Research. 


1. GREATER BERMUDA. 

Much of the relatively flat top of the extinct submarine volcano lies between 
three and thirty metres below the ocean’s present surface. This area can be viewed 
from a glass-bottomed boat, or through a water-glass, or even directly on calm 
days, and it is extremely beautiful—the sort of area that is. often called ‘‘ submarine 
gardens ”’. ; 

In this habitat the sea-water is of full oceanic salinity, 35 parts per thousand, 
Its temperature is almost exactly that of the open ocean, too, because there are 
_ fairly strong currents which continually sweep across the top and bring oceanic 
conditions with them. The ocean changes temperature very slowly, therefore 
this area has a comparatively uniform temperature. In contrast, land-locked areas 
as shallow as this heat up markedly in the sunshine and cool off as rapidly at night 
This uniformity must be an important ecological factor. 

The strength of current results from the fact that a large body of water, moving 
slowly, comes up to the steep walls of the submerged mountain. The slope crowds 
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the moving mass into the narrow space above the barrier, where it speeds up as 
when a river is forced through a narrow pass. The currents are often more than 
six kilometres per hour ; this, too, must be important ecologically. 

The water over Greater Bermuda must have approximately the same very 
low content of phosphorus which obtains throughout the open ocean, and the 
almost equally low nitrogen content. These two elements are often brought into 
water as a result of the leaching action of streams, they are carried out from land— 
but no streams drain the Bermudas, and there is very little land to be lengrieds 
even by the run-off which follows a hard shower. 

The bottom, over Greater Bermuda, has a continuous phase and a dispersed 
phase. The continuous phase is a floor of dazzling white sand, made of particles 
which are usually a little more than 1 mm. in diameter. The sand is almost 
entirely calcium carbonate, and one is tempted to call it coral, because much of it 
is broken-up dead coral skeletons. Yet that is not all; there are many minute 
fragments of the shells of molluscs, polychaetes and also calcareous algae. 
There is comparatively little life in or on these sand strips, a fact that is in large 
measure due to their‘instability ; the strong currents keep changing the surface. 

The discontinuous phase consists of dark masses which rise above the white 
floor. They are of irregular outline and varied size, but many range up to 
three hundred metres in diameter. Some rise so high that they are islands 
at low tide—more lie a few metres below the surface. Basically these are 
made of rock, like that of exposed Bermuda, and are the unburied summits of hills 
whose bases and interconnecting valleys are covered by sand. The rock does not 
show plainly, however, because it is extensively covered by living, sessile organisms. 

Interesting, beautiful and often gaudily coloured, many fish flit among these 
submerged hills ; ‘‘ The Doctor” is bright blue, squirrel fish are red with huge 
black eyes, the edible hind is also red. Some parrot fish carry nearly all the colours 
of the rainbow. The fish assortment appears much like that which is found 
throughout the West Indies. 

Seaweeds in particular, and plants in general, do not play so large a part as 
they frequently do in other parts of the world, especially in some cooler regions. 
There are modest growths of. Sargassum, hardly knee-high, but these scarcely 
cover three per cent. of the area. Zonaria and Dictyota are reported by Moore. 

The most conspicuous sessile animals in this subdivision are the gorgonians. In 
general, the life looks rather like the corresponding fauna of those regions near 
Florida which have similar depth, current, temperature and other ecological 
factors. But in this Bermuda region the gorgonians flourish amazingly, often over a 
metre high, sometimes two metres high. The species are much the same as those 
of the more westerly part of the West Indies—the bright purple seafans, Gorgonia 
flabella, the tall greenish olive, brownish or purple, much branched cylindrical 
gorgonian colonies such as Plexaura, Plexaurella and Pseudoplexaura abound. 

Quite a few corals occur. It may be that their efforts are building up the reefs . 
as fast as they are being dissolved by the chemical effects of sea-water, and being 
disintegrated by physical erosion. Among the commoner corals are various species 
ot Porites and Orbicella. The pepper corals, Millepora, also occur. Near the outer 
edge of Greater Bermuda the coral Meandrina (several species) appears in large 
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“heads ” which are often a metre in diameter. In this habitat the needle-spined 
dangerous sea-urchin Centrechinus (or Diadema) occurs very noticeably, also 
ascidians, oysters and hydroids. 

In regions about Cuba, Dry Tortugas and Florida, where I have also carried on 
field work, in the places where the white sand floor, coral heads and gorgonian 
“chaparral” appeared very similar to that of Greater Bermuda, sponges of 
many kinds are abundant, rivalling the gorgonians in places—big “‘ Loggerhead ”, 
many black commercial sponges, red Haliclona rubens, yellow-green Haliclona 
longleyi (or Neopetrosia longleyz), all these and numerous others are conspicuous. 
In Greater Bermuda, these are only conspicuous by their absence; the lack of 
sponges is pronounced. 

Is this due to lack of phosphate or nitrogen compounds ? Further speculation 
and evidence is cited below under remarks about the ecology of Hungry Bay. 

By far the most conspicuous of all the sponges of Greater Bermuda is Callyspongia 
vaginalis. Individuals are not as close together as they are in Harrington Sound ; 
it may be as much as 100 metres between one and the next, but the individuals are 
exceptionally large. I saw one with tubes as thick as a man’s arm, and well over a 
metre long. Smaller ones, of course, also occur. Other than this, the evident 
sponge life in 1947 was principally confined to a few small specimens of Haliclona 
variabilis, a few of Chondrilla nucula, and a very few traces of Janthella ardis, 
very dark in colour. Doubtless minute encrusting sponges occurred in the inter- 
stices of dead coral masses. . 


2. CoaSTAL BERMUDA. 

The intertidal region and coast of Bermuda, as here considered, includes the 
offshore area that can be reached by wading, and the bays that are widely open 
to the sea. It does not include the bays that are largely land-locked, with relatively 
narrow entrances, such as (particularly) Hungry Bay. 

The most striking general observation about this region is the poverty of animal 
and plant life in Bermuda. There are limpets (fisswrella), snails (Littorina) and 
Chiton, but the masses of snails, limpets and chitons that sometimes adorn rocky 
coasts are very scantily represented. Barnacles (T'etraclita) occur, but not in the 
numbers which (with mussels) densely crowd some shores ; I have in mind some 
parts of California, New England, and British coasts that I have studied. Sea- 
urchins (Echinometra) were observed, and gastropod ‘“‘ worm shells” (Vermetus 
or Aligera ?). Just to look at this region one would say that there were no sponges 
at all. 

A great variety of small animals are present, but hiding. The chief way to find 
and study them is to turn over stones. If these stones have been embedded in sand, 
or even worse in mud, there may be little sign of life beneath. But if there is 
some circulation of oxygen-containing water below them, there may be thousands 
of individuals below one rock. A hermit crab, Clibanarius tricolor, is abundant 
in shells of such gastropods as Modolus and Lampanella. The latter snail is 
reported by Moore in numbers up to 50,000 per square metre. Annelid and 
other worms occur, also brittle stars (Ophionereis and Ophiocoma) and sea-stars 
(Asterias) and many crabs. 


In the clear-cut intertidal area I found no sponges whatsoever ! 
2B2 
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The sponges of this area—inshore, just below low tide, and usually hidden— 
may be listed as follows. 

Cliona lampa permeates rocks in widely scattered but individually large areas. 

Spirastrella coccinea is extremely widespread. Almost every suitable rock has 
at least a postage-stamp-sized patch. WSpirastrella dioryssa may also occur and 
have been confused with coccinea. This genus is not common in other types of 
locality. The same is true of the following two species. 

Stelletta grubi, not common. 

Stellettinopsis ketostea, two specimens found. 

The Calcispongiae of this region are very widespread, but small and easily 
overlooked. 

Leuconia aspera, small specimens, with the surface-plush very conspicuous. 

Scypha ciliata, chiefly the size of rice grains. 

Leucetta floridana, one bean-sized specimen was found. This should be 
contrasted with the numerous head-sized specimens of this sponge which abound in 
Harrington Sound. 

Small specimens occur of sponges that elsewhere in the Bermudas are both much 
more common and also larger in individual size. 

Dysidea crawshayi, as at Tortugas, occurs only as a few thin, shilling-sized 
patches. 

Ircinia fasciculata, while minute as compared to its size elsewhere, nevertheless 
was one of the largest sponges in Bermudan coastal waters. 

Tethya actinia, was present, but not common. 

Spheciospongia othella was represented only by small specimens, with large, long 
oscular tubes, very. different from the species of this genus that is common in most 
of the West Indies. 

Tedania ignis was fairly common, but only small specimens frequent this habitat. 

Off the west coast of Bermuda a study was made from Daniel’s Head at the 
north to Wreck Hill at the south. Near the former there was a bottom which was 
densely covered with a spermatophyte seaweed of the eel-grass or turtle-grass type, 
probably Thalassia. Here there were fairly large sponges (fist-size or double that) 
about three metres apart from one another. 

Tedania ignis was the most common, very conspicuous, raised up from the bottom, 
growing on the blades of turtle grass. 

Ireinia fasciculata was also common, but less conspicuous, being dull coloured. 

Ireinia varvabilis was represented by at least two specimens. 

Spheciospongia othella was fairly common, and included the largest individuals of 
the group. 

Dysidea etheria ; there were only one or two specimens of this sponge found in a 
half hour search by four people over many acres of bottom. 

Further south, on a rocky bottom, the conspicuous sponges were much as in the 
reef area north of Bermuda. 

Callyspongia vaginalis was common. 

Halicona variabilis was common. 

Haliclona viridis was rare. 

Verongia fistularis was rare. 

Aplysilla sulfurea was rare. 
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_ Near Watford Bridge we found one specimen of Callyspongia arcesiosa. This 
was the only specimen of this rare species found all summer. Probably it never 
grows larger than little finger size, and young individuals may be overlooked. 

Near Wreck Hill a peculiar association was found. On a shore of solid rock, 
overlaid with 3 to 6 cm. thick of sand, right where the surf broke, an area about 
one metre wide and extending about ten metres along the shore, was studded with 
hundreds of specimens of: . 

Cinachyra cavernosa. They were very oblate, very symmetrical, the equatorial 
placement of the porocalyces quite conspicuous. Their sizes were about that of a 
hen’s egg. They were not covered by the sand around them, and therefore 
appeared rather conspicuous. 

Near Wreck Hill, in three to six metres depth, in an area which contained nearly - 
no other sponges, we found about forty to eighty specimens of : 

Cliona caribboea. This was an area of perhaps ten acres, and the bottom was 
sparsely covered with turtle grass. This was the only discovery of this species of 
the whole summer’s exploration, although Verrill reports that it was abundant 
and widespread in 1907 and earlier. No small, young specimens were found, nor 
any which were obviously boring ; all were the massive type that in old age may 
supplant the earlier boring form.: The smallest were about head size. Can it be 
that this species has ceased to establish its larvae, and therefore is on the road to 
local extinction ? 

The existence at Bermuda of the interesting sponge Halisarca must be suspected, 
and its discovery anticipated. This sponge is one of those that has no other skeleton 
than the interstitial jelly or colloidal mesogloea. It forms paper-thin transparent 
or slightly brownish encrustations, glistening or slimy as to surface. In 1947 I 
sound some such patches on stones in shallow water, for example, at Whalebone 
Bay. The coral rock on which they occurred was excessively jagged and rough 
of surface, so that the patches were very difficult to remove. All that I managed 
to get into alcohol proved to be damaged beyond recognition when it came to 
microscopic examination. They may, for example, have been ascidian, or even 
non-living accumulations of organic stuff, therefore no identification of them is 
here made, but also they may have been Halisarca. 


3. HARRINGTON SOUND. 

The majority of all the species of Porifera which we were able to find in the 
Bermudas in 1947 were found in Harrington Sound, whether or not they were 
also discovered elsewhere. Of those that occurred both elsewhere and in the 
Sound, in this latter environment they were usually much more abundant as to 
numbers, and larger as to the size of individuals. 

Harrington Sound is an inland body of water, almost exactly five kilometres or | 
three miles in greatest length (east to west) and about half as wide. There are 
several small islands in it. It is connected to the open ocean, which is north of 
Bermuda, by a narrow strait at its west end ; this is at Flatts, and the Government 
Aquarium and Museum are located immediately adjacent to the strait. There is a 
narrow inlet about half a mile or nearly a kilometre long, then there is a sudden 
narrowing, with a bridge over the narrows. At this point the width is about eight 


190 M. W. DE LAUBENFELS : 


or ten metres only (some thirty feet). When the ocean outside is above half tide, 
a torrent of sea-water rushes into the sound, with a cataract that is almost a 
waterfall right at the bridge. When the ocean outside is below half tide, a similar 
torrent pours out, removing the excess water which the high tide had added. Thus 
the sound is nearly tideless, its level rises and sinks only 15 cm. at the most. At or 
near half tide, boats with a draught of a metre or a little more, if they lack high masts, 
can go under the low bridge, and enter or leave Harrington Sound. 

Right at the entrance to the sound the rocks on each side are a mass of glowing 
red Cliona lampa, over areas of scores of square metres. 

It is considered likely that there is much seepage of sea-water into the sound — 
around its entire periphery. Reference has already been made to the fact that the 
land mass of Bermuda consists of very porous stone. Wells dug anywhere encounter — 
salt-water as soon as their depth reaches sea-level. 

The salinity of the sound is exactly that of the open ocean, that is to say, 35 parts 
per thousand. There is a decided possibility that its ratio of some elements, for 
example calcium, phosphorus and greece may be higher; this has not been 
adequately investigated. 

The temperature of the sound varies a little more than that of the open ocean, | 
especially its surface layers. On a hot summer day the surface of the sound is 
conspicuously warmer than the ee and on cold winter days the reverse is 
probably the case. 

The sound is locally thought of, a BOkon about, as being an area of little or no 
current. My experience definitely refutes this. In place after place I stood on the 
bottom, or sat in an anchored boat, and watched floating objects ; they always 
moved along, at speeds of approximately a kilometre an hour. On the other 
hand, there is no accumulative direction—the water merely flows this way, then that 
way and back again. Any considerable accumulation of solute therefore would | 
not be removed, merely agitated. Carbon dioxide would be removed from the 
immediate vicinity of a sessile organism quite effectively, but would be permanently 
removed only in exchange for oxygen by the photosynthesis of aquatic vegetation. 
Meanwhile, if there is a significant rise in the soluble calcium, phosphate and 
nitrogen compounds, such would not be stolen away by the Harrington Sound 
currents. 

The sound is not muddy, but everywhere is clear, clean. water—very beautiful. 
The bottom is coral sand, with many pieces of loose calcareous stone. One can 
wade over large areas, but the water gradually deepens, to a depth of at least 
twenty metres. | 

There are few beaches ; instead there are rather steep shores. A common and 
interesting situation is the undercut shore. It would appear that the sea-water 
exercises a solvent effect, so that there are numerous caves or long'stretches of 
shore where an underseas diver can walk back three to seven metres (ten to twenty 
feet) with a nearly horizontal roof over his head. This roof is at the level of the 
surface of the water, lapped by the waves, and above it is the high shore or cliff— 
a solid mass of rock. These caves are absent where the shore is low, because in 
such localities the roof collapses almost as soon as it is formed; when the shore is 
high, the roof is thick enough to be more stable. Nevertheless it is probable that 
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the sound is steadily growing larger in area and more shallow. It may have started 
as a deep, narrow hole, conceivably a minor vent of the ancient volcano. 

Along the nearly tideless shores there are, nearly everywhere, many small snails 
(Littorina, etc.), and in places great beds of oysters, also much growth of the 
gastropod mollusc called “worm shell” (Vermetus ?). Algae are moderately 
common, not in great beds as on the rocky coasts of Britain, New England or the 
western United States, but in many small patches. Moore records Padina, Dictyota, 
Zonaria and Sargassum as especially common,; others also occur. 

On the white floor of the sound, the little green seaweed Penicillus capitatus 
attracts attention. The plants are often only a foot to a metre apart, but only 
hand-high, like miniature trees. Little bushes of Sargassum also occur here. Of 
the animals, the forearm-sized, blackish sea-cucumbers are most conspicuous ; the 
species is Stichopus moebii. The sea-urchin Lytechinus variegatus is also abundant. 
Sponges are the most abundant of all, however, in brown, violet, green and red 
patches of colour, often as abundant as one head-size specimen per each four square 
metres, plus additional smaller ones. On the submarine walls in Harrington Sound, 
on shores, islands and submerged hillocks, sponges are superabundant. Many 
areas as large as the walls of a house are more than a fourth covered. Other 
organisms share the space, so that only a small fraction is left as uncovered rock. 
These plants, and animals of other phyla than the Porifera, are as follows : 

Various seaweeds, as already noted. 

Corals of the genera Porites, Isophyllia, Oculina and: Siderastraea. 

The “ shelf-corals ”, Agaricia. 

Pepper coral, Millepora. 

Many, but relatively smaller hydroids. 

Scattered large anemones, Condylactis, Labrunea and Epicystis. 

Some ascidians, especially Clavellina picta. 

The complete, or almost perfect lack of gorgonians is here as remarkable as their 
luxuriance over Greater Bermuda. They predominate in the outer waters, but 
sponges predominate in Harrington Sound. 

The following species of Porifera are recorded as occurring in Harrington Sound, 
with abundance as here indicated : 


Ircinia fasciculata, very abundant. 
Ircinia ramosa, not common. 


Pellina coela, rare. 
Strongylophora amphioxa*, not common, 


Ircinia variabilis, not common. 
Verongia fistularis, not common. 


Thorectopsamma chromogenia*, rare. 


Dysidea etheria, common. 

Dysidea crawshayi, abundant. 
Dendrilla nua, rare. 

Ianthella ardis, abundant. 
Aplysilla sulfurea*, common. 
Haliclona variabilis, abundant. 
Haliclona crassiloba, not common. 
Haliclona viridis, common. 
Fibulia bermuda*, common. 
Liosina monticulosa*, not common. 
Callyspongia vaginalis, abundant. 


Rhizochalina hondurasensis*, rare. 

Tedania ignis, very abundant. 

Lissodendoryx isodictyalis, common. 

Xytopsues griseum*, common. 

Eurypon clavata*, rare. 

Homaxinella rudis, abundant. 

Pseudaxinella rosacea, common. 
Spheciospongia othella, common. 

Spirastrella coccinea, common. 

Spirastrella dioryssa, confused with the preceding. 
Aaptos bergmanni, common. 
Terpios fugax, common. 

Cliona lamvpa, very abundant. 

Tethya actinia, common. 
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Geodia gibberosa, common. Leuconia aspera, common. 
Cinachyra cavernosa, abundant. ' Leucetta floridana, abundant. 
Chondrilla nucula, very abundant. Leucosolenia canariensis, common. 


The eight species marked with an asterisk were found exclusively in Harrington 
Sound. In all, there were 38 species of Porifera, in contrast to 27 Bermuda 
species not found there. Of these 27, the following analysis may be presented : © 

Occurring only in bays, harbours on the coasts or in Greater Bermuda : 


1. Spongia officinalis. | Adinitiodiy eeinaye 9. Callyspongia arcesiosa. 


2. Spongia zimocca. Mi 0. Cyamon vickersi. 

ats x7 inadequate data for : 
. Darwinalle miter, | S08 four. 12, Cliona cartoon. 
5. Dysidea fragilis. 13. Stellettinopsis ketostea. 
6. Haliclona molitba. 14. Samus anonyma. 
7. Haliclona permollis. 15. Chondrosia collectria. 
8. Xestospongia calyx. 16. Scypha ciliata. 


Also Aplysilla glacialis occurs on the coast and in Walsingham Pond. 


Occurring only in Walsingham Pond : 


1. Tedania tora. 6. Epallax ajax. 

2. Tricheurypon viridis. 7. Desmascula desdemona. 
3. Desmacella jania. 8. Stelletta grubii. 

4. Biemna microstyla. 9. Plakortis simplex. 

5. Hymeniacidon heliophila. 10. Leuconia crustacea. 


Further note Alpysilla glacialis which occurs also on the coast. 


4, LAND-LOCKED LAKES. 


There are numerous depressions in Bermuda, between the yet more numerous 
hills. Some of these depressions extend below sea-level, and only in these does 
water stand. It stands right at sea-level, and further proves its connection with 
the ocean (through the porous rocks) by being salty. 

My chief study of waters of this sort was carried on at Mangrove Lake. This 
is about half a kilometre long, and half as wide, and lies in the land mass that is 
south-east of Harrington Sound. Its immediate environs are largely given over 
to the Midocean golf course. An area of about 500 to 1000 acres of land drains 
into it, but there is no visible outlet. Its bottom is somewhat muddy, with much 
pale grey (coral-filled) silt. 

The salinity on July 7, 1947, during a time of very moderate weather, neither 
very dry nor very rainy, was 32 parts per thousand, and the temperature was 32° C. 
The ocean, at this time, was 28°C. Moore reports that the salinity drops much 
lower in the winter, following long rainy spells, and this is certainly to be expected ; 
in fact, it is rather amazing to find it as high as it is. Moore reports that in another, 
somewhat similar lake, called Spittal Pond, in his experience the water was “ almost 
fresh to the taste’. Doubtless the salinity varies slightly within the pond itself, 
because fresh water tends to float. 

As its names implies, a large part of the shore of Mangrove Lake is lined with 
mangrove trees, Rhizophora. Much of the bottom is covered with a miniature 
forest, 10 cm. high, of the tree-shaped green coloured alga, Penicillus capitatus. 
I found great numbers of the semi-transparent holothurian Synaptula, and 
oysters (Isognomon). But whereas individual plants and animals were numerous 
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and fairly large, the variety was small. It is the general observation that few 
species can endure brackish water, as compared to the many that flourish in fresh 
water, and the very many that do best in full oceanic salinity. 

Another factor must be this: Because the only connection with the ocean is by 
filtration through hundreds of metres of rock, larvae and other free-swimming 
forms cannot enter such a body of water as Mangrove Lake. This barrier alone 
may account for the lack of some species that otherwise could survive in the region. 

In several smaller but otherwise similar ponds, names not known, I searched in 
vain for any sponges whatsoever, and am confident there were none present. 
None could be seen in Mangrove Lake, but Mr. Thomas Glisson, during some of his 
diving operations, fetched up one small specimen of T'erpios fugax. 

Comparatively few sponges endure any brackishness at all. Annandale, 1915, 
page 1 and following,. discusses the occurrence in brackish water (India) of species 
of : 

1. Spongilla (typically in fresh water). 

. 2. Craniella dactyloidea. 

3. Cliona* vastifica. 

4. Terpios*. This last he records as Laxosuberites aquaedulcioris and Laxosuberites lacustris ; also— 
probably the same—as Suberites sericeus. Laxosuberites falls in synonymy to Terpios. 


Burton, 1926, records from the vicinity of the Suez Canal, from brackish water : 


1. Haliclona permollis. 
2. Tedania* assabensis. 
3. Ircinia fasciculata.* 


At Beaufort, North Carolina, de Laubenfels, 1946, page 32 and following, 
records from brackish water : 

1. Haliclona permollis. 

2. Lissodendoryx isodictyalis.* 

3. Cliona* celata. 

4. Hymeniacidon heliophila.* 

5. Microciona prolifera. 

The genera and species marked with the asterisk also occur in the Bermudas, 
but only the Terpios has reached Bermudan brackish water. A species of 
Terpios also flourishes in brackish water in the Hawaiian archipelago, where it 
is almost the only sponge so to occur, and the only one that is at all conspicuous. 

As a further comment, it should be noted that the Terpios of Mangrove Lake, 
Bermuda, grew only in the deepest part, where it would at least be affected by 
fresh water from the surrounding drainage. 

Both the Bermudan and Hawaiian Terpios endure not only brackish conditions 
but also muddy or silt-filled waters. It would appear that in these two 
respects this genus has an endurance that is almost unique in the phylum 
Porifera, perhaps shared only by some Craniellas. Yet there are more than a 
thousand genera of sponges. 


5. PONDS WITH A SMALL CONNECTION TO THE OCEAN. 


The outstanding example of such a body of water in Bermuda is Walsingham 
Pond. Actually Harrington Sound in many ways is suitable for comparison here. 
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A small, nameless artificial pond in the grounds of the Bermuda Biological Station 
for Research was the only other such environment studied in 1947. 

Walsingham Pond is considerably smaller than Mangrove Lake, but in its 
arrangement is more like the far larger Harrington Sound, and its fauna is thus 
more like that of the sound. The pond is about 200 metres in average diameter, 
but has a very irregular outline ; its area would be in the neighbourhood of ten 
acres. About forty acres of surrounding land drain into it; one should notice 
that this is several times the area of the pond, whereas the land drainage into 
Harrington Sound is scarcely more than a tenth of the sound’s total water area. 

Like the sound, the pond’s walls are, in many places, very steep, but not yet so 
deeply undercut. Thus one may conclude that it has formed much more recently. 
It probably represents a pre-existing large limestone cave, of which the roof has 
recently fallen in. Many huge caves still exist in the Bermudas, carved out by 
subterranean rivers at a time when Greater Bermuda was all dry land, when vhers 
were rivers on it. 

The bottom is largely mud-covered, but so deep that the water is clear. On 
some of the shores, however, the mud is not so deeply buried, and here there are 
dense growths of mangroves. 

The salinity and temperatures of Walsingham Pond are exactly those of the 
adjacent oceanic waters (Castle Harbour), because there is at least one crack in the 
rock between the harbour and the pond. This does not show above water, but 
can be located by study under water. Actually, there may even be more than one 
crack. The crack is certainly large enough for fish up to 30 cm. length to come and 
go. It appears that larger fish cannot get in, or once in, cannot get out, but 
this is not proven, and warrants further investigation. 

Walsingham Pond is a sort of sponge metropolis. It is doubtful if there is any 
other place of similar size in the whole world where Porifera occur in such amazing 
abundance of species, individuals, and average size of individuals. The walls of 
this body of water in the summer of 1947 were literally covered, in places more 
than a foot thick, by dense masses of brilliantly coloured sponges. 

In this little area, scarcely more than a pin-prick on a large map of the Bermudas, 
at least 32 species of Porifera occur, half of all the kinds in the whole archipelago. 
Ten of these species were found nowhere else in 1947; in the following list of 
the 32 species these 10 are marked by asterisks. The indicated abundance 
refers only to the relative occurrence of the species within Walsingham Pond. 
Further search would doubtless yield additional species, because—right up to 
the end of the season—every day that we ect ies Walsingham Pond carefully we 
found more species of sponges. 


Ircinia fasciculata, common. Tedania tora*, rare. 

Dysidea etheria, abundant. Lissodendoryx isodictyalis, common. 
Dysidea crawshayi, common. Tricheurypon viridis*, rare. 
Dendrilla nux, rare. Desmacella jania*, common. - 
Aplysilla glacialis, rare. _ Biemna microstyla*, common. 
Haliclona crassiloba, not common. Homaxinella rudis, rare. 

Haliclona viridis, not common. Pseudaxinella rosacea, common. 
Pellina coela, not common. Hymeniacidon heliophila*, rare. 


Tedania ignis, common. Spheciospongia othella, common. 
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Aaptos bergmanni, common. Cinachyra cavernosa, common. 
Terpios fugax, abundant. Plakortis simplex*, rare. 

Epallax ajax*, rare. Chondrilla nucula, abundant. 
Tethya actinia, common. Leuconia aspera, not common. 
Desmascula desdemona*, rare. Leuconia crustacea*, rare. 

Stelletta grubir*, rare. Leucetta floridana, not common. 
Geodia gibberosa (?), rare. Leucosolenia canariensis, common. 


For hasty field identification, if exact accuracy is not necessary, the following 
brief key will yield probable identifications of Walsingham Pond sponges : 


Rep : Scarlet Pseudaxinella, vermilion Tedania. 
ORANGE : Dysidea crawshayt. 

YELLOW : Cinachyra (spiny balls). 

GREEN : T'ethya (lumpy balls). 

Buvue : Dark=Terpios, light=Dysidea etheria. 
Viotet : Haliclona. 

Dra: Chondrilla.. 

Buack : Spheciospongia. 


The Biemna and Desmacella were found only on mangrove roots, where they 
were extremely common, coating the roots a centimetre thick. The Biemna.was 
orange-yellow, the Desmacella mottled lavender and pink. Other encrusting forms 
on the mangrove roots, superficially resembling sponges, proved to be diademnid 
ascidians. ; 

Other than sponges, there are in Walsingham Pond very numerous ascidians. 
Green coloured aquatic plants increased in size markedly during the summer, 
and there were some hydroids up to 50 cm. high. But it can be reiterated that 
this is. the sponge metropolis. 

A pool has been dug in the grounds of the Biological Station, near Richard- 
son’s Cove. It is 15 by 24 feet in area (4:5 by 7 metres), about knee deep at low 
tide. It is arranged so that sea-water freely enters and leaves, but so screened 
that fish and lobsters, when placed in the pool, cannot escape. The pool was 
arranged expressly for storing spiny lobsters (Panulirus) and fish. This pool has 
proved to be very suitable for sponge growth, too, with an astonishingly large 
population. At least the following nine species were present by several handfuls 
to bucketfuls. 


Haliclona permollis Cliona lampa. 
Inssodendoryx isodictyalis. Spirastrella dioryssa. 
Tedania ignis. Cinachyra cavernosa. 
Tethya actinia. Geodia gibberosa. 
Terpios fugax. 


In contrast to this fauna of nine sponges in a small pool, and thirty-two in the 
pond, we find in all New England coastal waters only some fourteen species of 
Porifera, in Puget Sound I could find only twenty, and at Beaufort, North Carolina, 
only about fifteen. 

In the running sea-water tanks of the Government Aquarium at Flatts, Bermuda, 


no great effort has been made to display sponges ; fish are the principal attraction, 
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lobsters and corals next. Callyspongia vaginalis is occasionally brought in, but 
seems to die rather rapidly. It is here suggested that the brilliant red Pseudaxinella. 
rudis would probably live there if carefully transferred. It should be put, while 
still under water, into a clean bucket. It should never be left out of water, because 
(if nothing else) air bubbles get into the canals and hopelessly plug them. No other 
organisms should be put into it, especially no other sponges, because (see de 
Laubenfels, 1932, page 58, on the toxic effects of sponge extracts) within confined 
quarters one species of sponge is likely to kill other species of sponge, and to be 
itself likewise fatally poisoned. The temperature must not be allowed to go up 
or down more than two or three degrees, but Pseudaxinella is so common in 
Harrington Sound, only a few hundred metres from the aquarium, that it should 
be possible to transfer it, early in the morning or late in the afternoon, within a 
few minutes and so have almost no temperature change. It would be well to find a 
sponge on a small bit of coral, or break off part of the rock to which it is attached, 
and so avoid wounding the sponge. Yet in 1947 I had specimens of Pseudaxinella 
the size of a hand, with wounds as large as postage stamps, brought a ten-mile 
journey and dumped in the aquaria at the Biological Station. They healed their 
wounds and lived until we disposed of them some weeks later. 

At least two species have appeared “ voluntarily’ or “ self-seeded ” in tanks 
of the Government Aquarium. They are Chondrilla nucula (quite numerous) and 
lovely blue Terpios fugax. The latter is thus by all odds the most ubiquitous sponge 
in Bermuda. Another 7'erpios is most ubiquitous in Hawaii. 


6. BAYS WITH A SMALL CONNECTION TO THE OCEAN. 

Castle Harbour, as can be seen on the map (fig. 3) is such a bay. But within 
the last ten years it has been torn up by extensive dredging operations. A long- 
landing strip for the airplanes of Kindley Airfield has been built by stuff that 
was scooped out of Castle Harbour. The vast amounts of silt thus turned loose 
produced proportionate changes in the submarine population of the vicinity, and 
we found very few sponges there in 1947. The most conspicuous was Cliona 
lampa. Its bright red masses were replacing hundreds of square metres of rock 
about the causeway between the main island of Bermuda, and that which formerly 
was Long Bird Island, now Kindley Field. 

North of the causeway I found Dysidea fragilis and its two contained bits of 
evidence of Samus anonyma and Cyamon vickerst. Perhaps the two latter species 
have been rendered locally extinct by the above-mentioned dredging giaene 
These species were found nowhere else in Bermuda. 

Ireinia fasciculata and Haliclona variabilis were the principal species, Fite 
than the Cliona, found in 1937 in Castle Harbour. 

Ferry Reach is the strip of water from Castle Harbour north-east to the harbour 
of Saint George. The biological station is located on this strip. Right at the jetty 
of the biological station occur a number of sponges, especially the Cliona, busily 
disintegrating the concrete, because the’ stone that was used with the cement was 
limestone. Small bits of Z'’edania and Chondrilla may also be there. Moore made a 
very careful study of precisely this area, however, and reported no sponges at all. 
Perhaps they have come in since his notes were taken. 
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Hungry Bay proved to be exceedingly interesting in this connection. It is not: 
one that is wide open to the sea, as is Whalebone Bay; thus its study has an 
especial contribution to make. 

This is a bay, open at the south to the Atlantic Ocean, south-east of Bermuda. 
It is otherwise about halfway between the extreme ends of the principal island of 
the Bermudas. At the west side of Hungry Bay there is a channel, perhaps ten or 
twenty metres wide, where boats can enter or leave the bay ; the centre of this 
channel is about two metres deep. The rest of the seaward side of the bay is walled 
in by a sort of reef, about ankle deep at low tide. Near the east end of the bay 
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A sketch-map that shows the essential items in sponge distribution at Hungry Bay. No surveyor’s 
map was available, and this sketch omits almost all the details, but it does show the items 
which are discussed in the text. 


is an island, and north of the island a gully debouches into the bay. This gulley 
is dry most of the time, except that the lower part of it is a drowned estuary 
containing salt-water. But during hard rains some fresh water runs down this 
gulley, so that it makes a significant contribution to terrestrial drainage. 

The occurrences of sponges in Hungry Bay are shown by the stars in fig. 4 
the size of star proportionate to numbers and size of individuals. By turning 
over rocks on the reef, a few small sponges were found; this collecting was of 
the shore or coastal type, in no way significantly different from that at—for 
example—Whalebone Bay. 

The main body of the bay, being sand bottom, was devoid of sponges. 
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Attention is particularly called to the sponge-free area indicated in fig. 4 and 
as Area “ A ’’, 

The area of very numerous, very large sponges, is conspicuously shown by its. 
stars. 

It was only at Hungry Bay that I found Chondrosia in 1947. Here it replaced 
the very similar and closely related Chondrilla. This of itself is a very puzzling 
circumstance, not at present explained. . 

This was one of the few places where Aplysilla glacialis occurred, the rosy pink 
species that goes from Arctic to Antarctic, Atlantic and Pacific. 

The great masses of sponges at the mouth of the estuary were : first, the lavender 
Haliclona permollis, which is known to endure some brackish water (these were 
upwards of 10 em. thick, very much the thickest permollis specimens I have ever 
seen) ; second, the blue J'erpios fugax which also endures brackish water ; third, 
yellow Cinachyra cavernosa ; and fourth, the green T'ethya actinia. There was some 
bright orange Spirastrella, which at the time was passed over as being probably the | 
species coccinea, but since the later discovery at Bermuda of Spirastrella dioryssa, 
I have come to the conclusion that the Hungry Bay specimens were probably 
the latter. 


CONCLUSIONS AND SUGGESTIONS. 


The sharply defined distribution within Hungry Bay offers definite evidence 
concerning sponge ecology. 

First, the blank area in fig. 4 at “‘ A’ shows, as should be expected, that when 
fresh water is present, marine sponges die or never. become established. : 
It is where the fresh water has been brought up quite or almost entirely to full 
oceanic salinity that the Porifera abound. 

On the other hand, it is not merely a matter of full salinity in the sense of osmotic 
pressure that determines suitability for sponges ; evidently they have additional 
requirements. 

Very little is known about the diet of sponges. The work of Van Trigt, 1919, 
and de Laubenfels, 1932, points toward dependence upon holophytic symbionts as 
a source of nate eet for shallow-water sponges, fresh water (Van Trigt) and 
marine (de Laubenfels). Yet vegetable cells have definite requirements in the way 
of phosphates. 

Many sponges thrive in the dark, thus there must be other’ sources of sponge 
nourishment, whether or not algal symbionts are ever digested and assimilated. 
Yet many years of search by many expert biologists have yielded blank in regard 
to what sponges catch and consume. The many experiments concerning what. 
routes are taken by intruded stuff, such as carmine particles, indigo, and india 
ink, merely show the way Porifera dispose of foreign objects, much as human 
beings dispose of dirt that gets into their lungs by means of mucus, and the cilia 
in the respiratory passages. Putting carmine particles into a man’s lungs and 
tracing their route would tell us little about human diet. 

Yet a clue does exist to sponge diet. The entire current that passes through a 
sponge body must pass through the myriads of flagellate chambers which create 
this current. In many species of sponge the entrances to these chambers are less 
than 3 microns diameter, and larger objects could not pass through. Study of 
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many specimens conspicuously fail to show that organisms as large as Protozoa 
and proper algae are trapped thereby, and there are no receptacles ready for any 
such victims, only a small entrance and a clear way out. The organisms that 
could enter the chamber and there be trapped would be as small as Cyanophyceae, 
or—most significantly—as small as bacteria. 

Something or other comes from the land mass, with fresh-water drainage, and 

this or these substances are vital to sponges. The distribution in Hungry Bay 
makes this very clear. As long as these substances are still in fresh water they 
are not available. Only after this fresh water has mingled with sea-water, so 
completely that it is nearly or quite isosmotic with sea-water—then, and then 
only is it beneficial to marine Porifera. 
- Perhaps the critical item is phosphate, leached out of the soil. Perhaps it is 
organic nitrogen. Perhaps it is bacteria still alive, or bacteria dead. Perhaps all 
of these and yet others are useful, some to one kind of sponge, others of them to 
other kinds. 

Thus there is an explanation for the fact that the waters near Florida teem with 
sponges, whereas apparently very similar waters near Bermuda do not. The many 
rivers of Florida carry something or other out to the adjacent seas. There are 
no such rivers in Bermuda nor any land mass to compare with Florida’s. 

Rivers like the Mississippi and the Amazon carry great quantities of everything 
that a land mass has to offer, yet no great quantity of sponges occur right opposite 
the mouth. of the Mississippi, and only moderately large amounts of sponge occur 
off the Amazon. Two items enter this problem. One is that the volume of fresh 
water is so great that the contained material is far out at sea before the salinity 
comes up to full oceanic strength ; the load drops into deep water, too deep for 
many species of sponge—and deep-water sponges do indeed thrive in just these 
localities. The second factor is the effect of cross currents. In the Gulf of Mexico a 
current goes from west to east opposite the mouth of the Mississippi. East of 
this mouth, nearly over to Florida, is the region of greatest sponge abundance 
of any that’ exist in American waters. The current goes straight towards Tarpon 
Springs, and Tarpon Springs has long been the centre of the American sponge- 
fishing industry. 

Obviously more field work ee to be done with Bae to sponge occurrence, 
especially sponge abundance, in reference to currents and the mouths of rivers. 

How to raise more fish per acre of water or to raise increased numbers and size 
_ of other aquatic animals has proved to be an interesting subject. Not only technical 
but also popular articles have appeared, dealing with farm fish-ponds enriched 
with poultry manure, stocked with carefully selected associations of fish,-for the 
productions of their protein-rich flesh. How to raise more and larger marine 
organisms is a related, perhaps more difficult problem. 

Consider the lobster pool at the Bermuda Biological Station, with its lush growth 
of sponges. The many fish and lobsters in that pool must fertilize it as do the 
farmers who put chicken manure in their fresh-water pools. 

Oral comment has been made from time to time on the desirability of having 
large experimental tanks for the study of factors that are involved in the growth 
and encouragement of marine organisms. Walsingham Pond, Mangrove Lake, 
even Harrington Sound, are immense tanks immediately available for the 
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investigation of just such problems. It is not necessary that the tank be made 
of concrete, exactly rectangular, and be enclosed in or adjacent to some particular 
building. The Bermuda Laboratory is already well situated, and is only four hours 
by airplane from New York. 

Would commercial sponges thrive now in Harrington Sound if they were carefully 
brought from the West Indies and planted there ? The technique for their transport 
and planting on aluminium wires, with concrete discs for anchors, is well known. 
During the war the Japanese made a very successful beginning of such sponge 
culture in the Marshall Islands at Ailing-lap-lap. 

The phosphate content of various points in the Bermudas should be very 
precisely determined and correlated with sponge success. This measurement 
is difficult, because the significant or necessary quantities are still very small, 
almost like so-called ‘‘ trace-elements ”’, yet they can be determined. 

The chemistry of sponges warrants much further study, although an excellent 
beginning has been made. In 1947 Professor Werner Bergmann obtained 
considerable quantities of sponge extract, suitable for study of the contained lipoids, 
from each of the following nineteen species at Bermuda : 


Ireinia fasciculata. Pseudaxinella rosacea. 
Dysidea crawshayt. Spheciospongia othella. 
Lanthella ardis. Aaptos bergmanni. 
Haliclona variabilis. Terpios fugax. 
Haliclona permollis. Cliona caribboea 
Haliclona viridis. Tethya actinia. 
Callyspongia vaginalis. Cinachyra cavernosa. 
Tedania ignis. Chondrilla nucula. 
Lissodendoryx isodictyalis. Leucetta floridana. 


Homazinella rudis. 


The extent to which these nineteen cover the various orders of Porifera, excluding 
chiefly the deep-sea Hyalospongiae, is very gratifying. Work has already begun 
on cataloguing the sterols of these and other sponges, as for example, Bergmann, 
Gould and Low, 1945, regarding sterol mixtures in sponges, and the same authors, 
1945, regarding that which they call Chalinasterol, but which should be called 
Haliclonasterol, because Haliclona replaces the name Chalina. 

Not only the sterols but also the phosphatides challenge our interest, and their 
investigation has been’ commenced, and another inquiry into the amino-acids of 
sponge protoplasm. It is here suggested that analysis of sponge ground substance 
would be instructive. Pseudaxinella rosacea offers exceptionally good material 
for a start at this, because of the copious mucilage production which characterizes 
this abundant Bermudan sponge. It would be also most desirable to have a 
comparative analysis of the spongins of different keratose species. Too glibly we 
say or write “ spongin’’, whereas a variety of chemical compositions are almost 
certainly present among the various Porifera that have skeletons of this general 
type. Research in regard to sponge pigments has already been mentioned. 

Speculation has long been current as to the nature of the peculiar contents of the 
fibres of lanthella, but the genus has been regarded as rare ; as a rule only small 
specimens have been available, and those not recognized until after preservation 
in spirits. This strange sponge is abundant in Bermuda, and its fibres can be 
studied in living material. 
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The really tremendous problems of sponge symbiosis, the relation to their 
contained holophytic cells, warrant intense investigation. Sometimes the sponge 
colour is modified by the symbionts present ; is this a major or a minor factor ? 
What is sponge nutrition? For these and many other exceedingly interesting 
subjects the Bermudas offer peculiarly suitable locations. The Bermudan sponges 
are well adapted to experimentation in regeneration after dissociation, and the 
Biological laboratory is well equipped to facilitate research in regard to sponges. 
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I. Inrropvuctory SEcTION. 


Historical. 

The first account of development in Leiopelma was published by Archey (1922). 
It consisted of general external observations on development at different stages 
of intracapsular and post-hatching life. From that time up to the present, no 
further embryological investigations have been carried out. Intracapsular 
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embryos and post-hatching stages have not previously been sectioned and thus 
the following account is the first description of the internal embryology of any 
species of Levopelma to be given. 

In 1943, Pusey gave the first detailed account of the internal embryology of 
Ascaphus, the only other genus of the family Leiopelmatidae, in his paper on the 
chondrocranium, jaws, arches and muscles of a partly-grown larva of Ascaphus 
truei. Previously, both de Beer (1937) and Pusey (1938) had stressed the 
importance of a knowledge of the structure and development of the skull of 
Ascaphus for the interpretation of the structure and evolution of the Anuran skull 
in general. Pusey (1943) recognized the necessity of disentangling the primitive 
from the specialized features of Ascaphus. Unfortunately, he was not able to do 
this completely, for he did not have access to material either of Levopelma or of 
any mountain-brook tadpoles for comparison. Pusey’s work was mainly based 
on a series of transverse sections of a partly-grown larva of which the overall 
length was 28mm. The chondrocranium was mainly well chondrified. Noble and 
Putnam (1931) have stated that development proceeds slowly in Ascaphus and that 
the larva does not hatch until a month after the egg is laid, and that at such a 
time the larva measures approximately 13-5 mm. in total length. Thus the early 
development of Ascaphus truet has not yet been studied in detail and no 
information is available regarding the formative and more procartilaginous 
stages of the chondrocranium and visceral arch skeleton. 


Material and methods. 


A few clusters of eggs were collected from Mt. Moehau, Coromandel Peninsula, 
Auckland, N.Z., and were allowed to continue development, being placed on 
damp moss in partially covered glass dishes. Eggs were detached from the 
clusters and fixed at regular intervals in order to provide intracapsular material 
at successive stages of development. Some eggs were allowed to hatch and the 
times of hatching were noted so that post-hatching stages could be obtained at 
weekly intervals. 

The material was fixed in Bouin’s fixative, Smith’s fixative, or in formol-alcohol 
and was transferred to alcohol or to formalin for temporary storage. To prevent 
damage in transporting such material from New Zealand to London, the egg 
capsules were not initially removed. Later, in London, the egg capsules were 
carefully dissected away under a binocular microscope and the intracapsular 
embryos, as also the post-hatching stages, were photographed dorsally and 
ventrally. The material was then double embedded, using Peterfi’s Celloidin- 
Paraffin method, and serially sectioned in entirety, either transversely or 
longitudinally, at 104. Staining was carried out, using Heidenhain’s Azan, 
Masson’s Triple stain, or haematoxylin and eosin. In dealing with sections of 
yolky regions, coating with celloidin solution before staining was carried out as a 
precautionary measure. 

For illustrations, every second section of the chondrocranium at selected stages 
was drawn under a microprojector and the method of contour reconstruction, 
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as described by Pusey (1939), was used. Apart from reconstructions, certain 
selected sections were photomicrographed. 

For comparative purposes, reference was made during the course of this work 
to sections of developmental stages of Ceratodus and of various urodeles and 
frogs, which were available in the Department of Embryology, University College, 
London. 


Specific reference. 


Turbott (1942) first postulated the occurrence of two species of Leiopelma on 
the Coromandel Peninsula, where material for this study was collected, and he 
described L. archeyi as distinct from L. hochstetteri in this area. It became apparent 
that the material which Archey (1922) had referred to as L. hochstetteri actually 
belonged to the more recently described species. Turbott’s conclusions were 
based mainly on considerations of size, colour, presence or absence of a slight 
web and differences of habitat. Stephenson and Thomas (1945) observed an overlap 
in habitat and intermediate conditions in most of the distinguishing external 
characters described by Turbott. They concluded that only studies on the 
development and adult structure could determine this question of speciation. 
However, recent studies on the adult head of both these species of Leiopelma by 
K. M. Stephenson have shown certain constant differences between the two types 
which, in conjunction with Turbott’s findings, make it desirable to recognize two 
species, L. hochstetteri and L. archeyi, in the Coromandel region. 

The presence of paratoid glands in all embryos and post-hatching specimens 
examined by me showed that I was dealing with developmental stages of the 
newly described species, L. archeyi*, for E. M. Stephenson found that such 
glands are present in the adults of L. archeyi, but not in L. hochstetteri. 


Descriptive plan. 


The development of the chondrocranium and visceral arch skeleton was followed 
through the successive stages of intracapsular and post-hatching life. In order to 
prevent this description from becoming too unwieldy for convenient treatment, 
it was limited mainly to the skeletal structures of the developing head. No attempt 
was made to describe in detail the musculature or the course of blood-vessels and 
nerves in the successive stages, except in so far as was necessary to establish the 
morphological relationships of the skeletal structures or to indicate, in passing, 
points of special interest. A full account of the skeletal structures, blood-vessels, 
nerves and muscles of the adult head was given by E. M. Stephenson (1948-49). 

In selecting the successive stages to be considered, I chose those which presented 
sufficient change to warrant full description, and which showed, step by step, 


* This conclusion has been confirmed subsequently to the writing of this paper. I have recently 
obtained from Mr. E. G. Turbott, War Memorial Museum, Auckland, developmental stages of the more 
aquatic species, L. hochstetteri, and have noted that it undergoes a similar intracapsular development 
to L. archeyi. Furthermore, under experimental conditions I have observed that intracapsular 
development in L. hochstetteri continues irrespective of whether the eggs are completely submerged 
in water or placed in damp terrestrial situations. The intracapsular development of Leiopelma thus 
proves to be essentially an amphibious mode of development and not a strictly terrestrial one. 
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the development of the chondrocranium and visceral arch skeleton. The selected 
stages were— 


A. Intracapsular development. 

Stage 1. 

An early intracapsular embryo in which the chondrocranium was not definitely 
established and was represented only by its rudiments. Because at this stage 
most structures are not sufficiently distinct, no reconstruction has been made. 

Stage 2. 

An early intracapsular embryo in which the chondrocranium is sufficiently 
developed to be reconstructed. 

Stage 3. 


The late intracapsular stage, with fully formed intracapsular embryo, when 
hatching occurs. 


For convenience in the description, the chondrocranium of the early and late 
intracapsular embryos (stages 2 and 3) has been divided into the following 
regions :— 

(i.) Basal plate and notochord. 

(ii.) Auditory and occipital regions. 

(iii.) Orbitotemporal region. 

(iv.) Ethmoidal region. 

(v.) Visceral arch skeleton. (This section includes visceral arch structures not 

described with the preceding four regions.) 


B. Post-hatching development. 

(a) One week after hatching. 

(b) Two weeks after hatching. 

(c) Three weeks after hatching. 

In dealing with post-hatching development, the method of presentation has 
been reversed and the development of successive regions of the chondrocranium 
is followed through the first, second and third weeks of post-hatching life. 
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II. DescrieTIvE SECTION. 
Stage 1. A. Intracapsular development. 
Chondrification of the components of the chondrocranium is in rostro-caudad 


succession. Whereas the visceral arch skeleton, the more anterior region of the 
trabeculae, the trabecular horns and the orbital cartilages are comparatively 
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advanced in their chondrification, the more posterior region of the trabeculae, 
the parachordals and the auditory capsules are much less well developed. 

Anteriorly, the trabeculae of each side are completely separate, in that no inter- 
connecting trabecular or internasal plate is yet formed. Posteriorly, the trabeculae 
are continuous with the anterior parachordals. Thus, although the hypophysial 
fenestra is not enclosed in front because of the absence of a trabecular plate, it is 
delimited posteriorly by the convergence of the anterior parachordals forming 
the front end of the basal plate, the ‘ Balkenplatte ’ (Stohr, 1881). The notochord 
first appears slightly raised up from the parachordals and though at first it is round 
in cross-section, it becomes oval farther back. The posterior parachordals are 
narrow, thick structures and are closely applied to the notochord, from which they 
slope outwards and downwards. 

There is no distinct chondrification of the auditory capsules at this stage, though 
there is a certain amount of condensation of mesenchyme around the capsular 
walls.. Each structure is placed well back and there is no connecting pila antotica 
between it and the orbital cartilage in front. A foramen prooticum is not defined 
and the Gasserian ganglion lies above and slightly lateral to the trabecula of its 
side. Below the Gasserian ganglion is the lateral head vein, while more ventrally 
still, though slightly posteriorly, the ganglion geniculatum appears. Both these 
ganglia, however, have a relatively anterior position in that they lie in front of the 
auditory sac. 

The orbital cartilage is well developed. In the preoptic region it is fused to 
the trabecula, but farther back it becomes widely separated from the trabecula 
at the optic foramen. Behind the level of the optic nerve it is again connected 
with the trabecula, but disappears before the level of the basal plate is reached. 

The relatively stout trabecular horns are prechoanal in position. Since the 
trabeculae are platytrabic, the horns are widely separated and they are downwardly 
directed. The outer ends diverge slightly, later becoming more or less parallel to 
one another. At this stage there is no procartilaginous sheet extending between 
the trabeculae across the hypophysial fenestra. The internal carotid arteries 
approach the brain in the hypophysial region and each passes medially to the 
trabecula of its side. 

The visceral arch skeleton is comparatively well advanced. The pterygoid 
process of the quadrate is complete and extends from the trabecula anteriorly to 
the quadrate posteriorly. It fuses with the trabecula at about the level of the 
choana and at a point immediately behind, though above the cornu trabeculae. 

The developing mouth, of small size and gape, extends back only to the level 
of the optic nerve. Immediately behind the angle of the jaw, Meckel’s cartilage 
meets the quadrate from below. Also, at this point, the pterygoid process of the 
quadrate fuses with the quadrate body at alowlevel. All three structures (quadrate 
body, pterygoid process and Meckel’s cartilage), being of very young cartilage, 
are incompletely defined at this point of junction. 

Although there is so far no evidence of an otic process of the quadrate—the body 
of the quadrate being characterized by an anterior position well in front of the otic 
vesicle—a complete processus ascendens palatoquadrati may be readily traced 
from the more dorsal aspect of the quadrate to the orbital cartilage. Even at this 
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stage, the ramus mandibularis V may be observed to perforate this ascending process. 
It is a matter of interest that the quadrate, in keeping with its early anterior 
position, makes contact with the rudimentary chondrocranium initially by its 
two most anterior processes, the pterygoid process and the ascending process. 

The hyoid plate is very broad and has a distinct mid-ventral keel. It narrows, 
however, behind the level of the stout ceratohyals, each of which curves upwards 
from behind and below to the quadrate of its side. The anterior processes of the 
hyoid plate may be distinguished and the ceratobranchials are already evident, 
those more anteriorly placed on each side being the most distinct. 

Stage 2. 

(i.) Basal plate and notochord. 

The parachordals are now well chondrified. Although anteriorly the basal plate 
is fairly wide from side to side, the parachordals become narrower as they pass 
back, hence the medial walls of the developing auditory capsules slope inwards 
to fuse with the lateral edge of the basal plate. Because of the thickness of cartilage 
in the parachordals, there is laterally an abrupt narrowing at the point where 
each meets the thinner, less chondrified floor of the auditory capsule of that side. 


Fig. 1. 


0.5 mm. 


Contour reconstruction of section of auditory region of early intracapsular embryo ; posterior view ; 
ac, auditory capsule ; fov, fenestra ovalis ; n, notochord ; pe, parachordal ; ts, tectum synoticum 
(developing). 


There is thus no difficulty in distinguishing the lateral boundary of the parachordal 
and the medial boundary of the cartilaginous floor of the auditory capsule on each 
side (fig. 1). This distinction is further facilitated by the relationships of 
these boundaries to the medial wall of the auditory capsule and by the fact that the 
parachordals are better chondrified than neighbouring parts of the auditory capsules 
(Pll Geo3) 

The notochord first appears at a level immediately behind the prefacial 
commissure. It widens, becoming oval in cross-section as it passes back, until it 
is of greater width than either of the narrowing parachordals alongside it. In this 
more posterior region of the chondrocranium, the notochord projects above the 
level of the basal plate. The parachordals are closely apposed to the notochord 
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and there is a slight hypochordal bridge of cartilage joining them from side to side 
below the notochord. Occipital condyles, though very distinct in later intra- 
capsular stages, are not yet clearly formed. 

In the more anterior floor of the chondrocranium, the thick, well-chondrified 
trabeculae are prominent and they are interconnected by a thin, procartilaginous, 
hypophysial sheet. As described in the previous stage, the trabeculae are 
continuous posteriorly with the anterior parachordals, which converge on one 
another behind the infundibulum, forming the ‘ Balkenplatte’. Almost immedi- 
ately, however, while there is still evidence of their separate nature, the notochord 
appears in the middle line. At this stage, therefore, there is no evidence of a 
separate transverse bar or dorsum sellae and no doubt the retreat of the notochord 
from this more anterior position gives rise in later stages to the more distinct 
‘transverse plate between the hypophysial region and the front end of the 
notochord. 

(ii.) Auditory and occipital regions. 

Chondrification of the auditory capsule is incomplete and far from uniform and 
has clearly proceeded to a varying degree from different centres (Pl. I, fig. 3). 
It is most marked along the outside wall of the capsule adjacent to the lateral 
semicircular canal, and also along the roof of the capsule above the anterior 
semicircular canal. Least chondrified are the internal cartilaginous septa of the 
semicircular canals, while the zone (fenestra ovalis) in which the operculum will 
later appear is particularly retarded in its chondrification. The inner or mesial 
wall separating the auditory capsule from the cranial cavity, although well 
chondrified and thick anteriorly, is extremely thin and membranous posteriorly. 

There is no basicapsular fenestra and, although slight lateral development of 
the parachordals leads to a straightening of the sloping medial walls of the auditory 
capsules, the early establishment of the floor of the auditory capsule, though still 
procartilaginous, prevents any marked lateral extension of parachordal cartilage. 
This has been shown to be the case in Alytes and is also probably true, though 
contrary to Gaupp’s suggestion, for Rana (de Beer, 1937, p. 200). 

The taeniae tecti marginales, though only slightly developed, are quite distinct 
anteriorly from the auditory capsules. Each continues back from the orbital 
cartilage and covers the saccus endolymphaticus from above. At this stage the 
taenia tecti marginalis does not join the auditory capsule until the level of the 
foramen endolymphaticum is reached, and in a region where the capsules will 
later be bridged by the tectum synoticum. Each taenia tecti marginalis is part 
of a continuous longitudinal tectal teania which projects upwards and inwards 
from the auditory capsule, to which it is joined, and which continues back to the 
occipital arch behind. It thickens as it passes back and gradually merges into the 
latter. 

The occipital arches are very short and stout and cover from above the foramen 
jugulare, which is placed at a low level. The combined trunk of the ninth and tenth 
nerves appears to cut into the cartilaginous wall of the auditory capsule but never 
actually pierces it and remains outside the capsular cavity. Emerging with the 
ninth and tenth nerves and joining the lateral head vein is the posterior cerebral 
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vein. That this vessel occurs, not only in developmental stages of Leiopelma 
but also in the adult, is of interest. 

The foramen acusticum, for the passage of the auditory nerve, is a single extensive 
opening, but the medial wall of the auditory capsule is not well-enough developed 
to define it sharply from the foramen endolymphaticum, which lies above it. 
More posteriorly is the foramen perilymphaticum which, at this stage, is not 
subdivided into superior and inferior foramina. There is no ventral opening to 
the subcranial space in this region. 

The facial nerve leaves the cranial cavity by its own foramen (PI. I, fig. 3), which 
pierces the cranial floor at the point of junction of the parachordal and the 
cartilaginous floor of the auditory capsule, and at a level anterior to the single 
foramen acusticum. The facial foramen opens directly through the chondro- 
cranium, and the nerve passes immediately downwards to the subcranial ganglion’ 
geniculatum. In this region the medial cartilaginous wall of the auditory capsule 
is complete and the facial nerve, as is the case throughout development, has no 
relationships with the capsular cavity. The facial nerve leaves the cranial cavity 
ventrally and unaccompanied, not more or less laterally and in company with the 
auditory nerve. From the ganglion geniculatum, the hyomandibular branch of 
the facial nerve passes obliquely outwards and backwards beneath the auditory 
capsule, but it is not yet enclosed in a cartilaginous hyomandibular canal. 


(iii.) Orbitotemporal region. 

In the orbitotemporal region the platytrabic trabeculae are connected by a thin, 
procartilaginous sheet covering the hypophysial fenestra. In this region each 
trabecula is connected along its dorsal edge by a sheet of orbital cartilage into 
which, by gradual narrowing, it merges. This orbital cartilage extends up to a 
high level, particularly in the epiphysial region, although the epiphysial bar is 
not yet completely developed. The trochlear foramen for the fourth cranial nerve 
is placed well forwards in front of the optic foramen. Through the trochlear 
foramen also passes the anterior cerebral vein draining blood from the anterior 
region of the cranial cavity back to the vena capitis lateralis. Some degree of 
variation is exhibited by the anterior cerebral vein and its factors. Occasionally, 
not only does one vessel pass through the trochlear foramen, but a second factor 
leaves the cranial cavity through a separate foramen close to, but just behind, the 
trochlear foramen. This second foramen may, however, be present on one side 
but absent on the other. 

The oculomotor foramen is close behind the optic foramen, so that there is but 
a narrow pila metoptica. In this region the trabeculae have begun to thicken, 
as also the orbital cartilage dorsally, particularly in that part to which the processus 
ascendens of the quadrate is attached. The oculomotor (metoptic) foramen, 
though not completely divided, has a ventral and anterior recess for the ophthalmic 
artery and a dorsal, more posterior, recess for the oculomotor nerve. Both the 
ophthalmic artery and the oculomotor nerve pass out laterally below the profundus 
branch of the trigeminal nerve. 

The Gasserian ganglion is placed between the trabecula medially and the processus 
ascendens of the quadrate laterally, though it is at a slightly higher level than either 
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of these structures. More posteriorly the foramen prooticum is covered laterally 
and dorso-laterally by the anterior end of the auditory capsule. Anteriorly it is 
covered only by the chondrifying taenia tecti marginalis, which lies well above it. 

Each internal carotid artery passes into the cranial cavity medially to the 
trabecula of its side, piercing the hypophysial fenestra just at the point where 
the latter meets the trabecula. The relationships are those normal to vertebrates 
and are of particular interest on account of Gaupp’s theory (1902) that the carotid 
artery of Rana has cut through the trabecula. Within the cranial cavity the 
internal carotid arteries continue forwards, one on each side of the hypophysis ; 
more anteriorly each gives origin to a palatine artery which passes out of the cranial 
cavity by its own foramen, the foramen cranio-palatinum, close to the middle line. 
The foramina cranio-palatina, for the passage of the palatine arteries of right and 
left sides, bear exactly the same relationships to the trabeculae and hypophysial 
fenestra as do the foramina carotica primaria. The foramen caroticum primarium 
and the foramen cranio-palatinum are each posterior to the oculomotor foramen, 
and the internal carotid artery, continuing forwards, gives origin to the ophthalmic 
artery which passes out through the antero-ventral division of the oculomotor 
‘foramen. 

The vena capitis lateralis is formed by the confluence of its factors outside the 
foramen prooticum and ventrally to the Gasserian ganglion. It then moves to a 
position immediately beneath the auditory capsule but becomes more laterally 
placed as it passes back. Posteriorly the vena capitis lateralis is joined by the 
posterior cerebral vein which leaves the cranial cavity by way of the foramen 
jugulare. 


(iv.) Ethmoidal region. 

In the ethmoidal region the trabeculae again thicken, and become interconnected 
by a trabecular plate which marks the anterior boundary of the hypophysial 
fenestra. In this region the long trabecular horns, which parallel one another, 
turn sharply down ventrally (Pl. IV, fig. 13). The tips of the trabecular horns 
do not, however, curve backwards below the preoral buccal cavity as they do in 
later stages of development. Suprarostral cartilages, which are regarded as 
derivatives of the trabecular horns and which are characteristic of the free-living 
anuran tadpoles, are not present. 

Nasal capsules are not yet developed and the narial tube, which is unenclosed, 
passes straight back on each side from the ventro-laterally placed anterior nostril 
(external naris) to the posterior narial opening (internal naris) into the buccal 
cavity (Pl. I, fig. 1). Such structures as the tectum nasi, solum nasi, lamina 
orbitonasalis, fenestra. narina and fenestra choanalis of later stages are not 
differentiated. 

In the anterior buccal region, above the choana, the pterygoid process of the 
quadrate, which is complete and well chondrified, approaches and fuses directly 
with the trabecula of its side (Pl. I, fig. 2). 

The olfactory foramina open ventro-laterally and are placed at the same anterior 
level as the external nares. Hach olfactory nerve passes out laterally, not forwards, 
through its foramen olfactorium and directly to the nasal sac. The foramen 
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olfactorium is bounded below by the trabecula and above by a slender pila 
ethmoidalis. This latter structure represents the extreme anterior portion of the 
orbital cartilage, which has gradually become reduced in height in front of the 
epiphysis. After closing the foramen olfactorium in front, the pila ethmoidalis 
disappears. 

The profundus branch of the trigeminal nerve passes downwards immediately 
in front of the olfactory nerve and between it and the nasal sac. In the absence 
of a cartilaginous nasal capsule, there is neither a foramen orbitonasale nor a 
foramen apicale. 


(v.) Visceral arch skeleton. 


The advanced development of the visceral arch skeleton, which was noted in 
the previous stage, is still evident. Whereas the nasal capsules have not yet formed 
and the auditory capsules are largely procartilaginous, the visceral arch skeleton 
is mainly well chondrified. 

Meckel’s cartilage has a posterior position, since the mouth is placed well back 
on the ventral surface of the head. Cartilages of right and left sides meet and fuse 
by a cartilaginous symphysis in the middle line, at a point behind the internal 
nares and below the region in which the pterygoid processes fuse with the trabeculae. 
Infrarostral cartilages (anterior jaw cartilages, Pusey) are absent. 


Fig. 2. 


O.5 mm. 


Contour reconstruction of orbitotemporal and auditory regions of early intracapsular embryo ; anterior 
view, from level of oculomotor foramen (not labelled). ac, auditory capsule ; ch, ceratohyal ; 
ff, facial foramen ; fp, foramen prooticum ; fr, foramen rotundum ; Mc, Meckel’s cartilage ; 
pa, processus ascendens ; pao, pila antotica ; pfc, prefacial commissure ; pot, otic process of 
quadrate ; ptc, pterygoid process of quadrate ; ¢, trabecula cranii. 


The quadrate (fig. 2) is only slightly tilted from the vertical ; it lies in front of 
and below the auditory capsule. Thus, from a high level origin, an otic process 
of the quadrate passes upwards and backwards to fuse on to the ventro-lateral 
edge of the auditory capsule in an anterior region of this latter. Furthermore, 
from a similar high level on the quadrate, a processus ascendens rises upwards 


ON THE CHONDROCRANIUM AND VISCERAL ARCHES OF LEIOPELMA ARCHEYI. 213 


and forwards. It passes laterally to the Gasserian ganglion and fuses with the 
orbital cartilage at a high level. The processus ascendens is remarkable for the 
fact that it is perforated by a foramen rotundum for the passage of the mandibular 
branch of the trigeminal nerve. In Leiopelma the maxillary branch of the 
trigeminal nerve lies laterally to the mandibular branch and passes on the outside 
of the processus ascendens. 

The process from the quadrate to the chondrocranium, corresponding to the 
basal and pseudobasal processes of urodeles and frogs, respectively, is not yet 
chondrified. On the posterior side of the quadrate there is a processus hyoideus, 
directed backwards to the ceratohyal. 

The hyobranchial skeleton is placed well back and appears at the front level of 
the quadrate body. Although some parts of it are still rather procartilaginous, 
it is mainly well chondrified. It is a continuous structure and is not made up of 
separate pieces. 

The most anterior portion of the hyobranchial skeleton is represented by the very 
prominent anterior processes of the ceratohyals. These processes, projecting 
forwards, enclose a well-marked hyoglossal sinus, but there is no closure to form a 
hyoglossal foramen in this region at any stage of development. The ceratohyals 
are bow-shaped. They pass out and back from their ventral origin, and then 
curve upwards and forwards to meet the processus hyoideus of the quadrate. 
At this stage the processus hyoideus projects back from the posterior side of the 
quadrate at a low level. 

Ventrally the ceratohyals approach and fuse with a median cartilaginous bar,. 
the basihyobranchial copula. To it, the hyobranchial plates are also fused. 
There is thus no basihyal separate from basibranchial copula. Pusey (1943): 
figures a small, apparently detached, anterior nodule of cartilage as a basihyal 
in Ascaphus. There is, however, much variation in the occurrence of this structure 
in Amphibia (Edgeworth, 1935). 

Behind the point of fusion with the ceratohyal, the basihyobranchial copula, 
which is triangular in cross-section, is bordered laterally by more procartilaginous 
tissue (pars reuniens), which extends back along each side to the hypobranchial 
plate. Anteriorly the hypobranchial plates of right and left sides are fused to 
the sides of the copula which separates them, but farther back they meet in the 
middle line. This becomes possible because the basihyobranchial copula sinks 
below the level of the hypobranchial plates and there is thus formed below 
these plates, which then fuse, a median ventral keel (Pl. I, fig. 3). Pusey 
(1943) has described a similar ventral keel in the tadpole of Ascaphus. He 
stated that this ventral keel divides behind into two slightly diverging prongs, 
which he figured as cartilaginous structures and labelled as urobranchial prongs. 
He added that the dorso-ventrally deep, but laterally narrow urobranchial keel 
occurring on the basibranchial copula in Discoglossus is not forked at its posterior 
end as in Ascaphus. Edgeworth (1935) commented on the occurrence of the 
‘urobranchiale ’ as a ventro-posterior process of the basibranchiale in a number 
of genera of Urodela. 

At this stage of development in Letopelma archeyi the keel is particularly 
prominent and from its posterior tip forked prongs are evident. These urobranchial 
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prongs, however, are rather procartilaginous and, as described in the next stage of 
development, they fail to chondrify further. At this stage they extend outwards 
and downwards, and to their tips the rectus cervicis and geniohyoideus muscles 
of each side are attached. Later, with the failure of the urobranchial prong to 
chondrify, the geniohyoideus muscle of each side essentially has only an inscription 
in the rectus in this region. Such an arrangement is typically Urodelan 
(Edgeworth, 1935). Pusey (1943) described the attachments of the geniohyoideus 
muscles in Ascaphus as in a condition intermediate between those normally 
occurring in Anura and Urodela. 

Posteriorly the hypobranchial plates of right and left sides diverge, at the same 
time giving rise to the ceratobranchials, which are unjointed structures and which 
are in cartilaginous continuity with the plates. No spicula are present, neither are 
the ceratobranchials joined distally on each side by a commissura terminalis. 
Four well-developed ceratobranchials arise from the hypobranchial plate on each 
side and, even at this stage, there are traces of a fifth. The latter, however, is more 
distinct in the late intracapsular embryo, at which time the ceratobranchials reach 
their maximum development. 

Stage 3. 

(i.) Basal plate and notochord. 

The floor of the chondrocranium is fairly uniformly chondrified but the 
cartilaginous sheet forming a continuous plate and obliterating the hypophysial 
fenestra is distinguishable as being of more recent chondrification. The trabeculae 
and anterior parachordals, being of older cartilage, have not entirely lost their 
identity. ’ 

An important feature of the intracapsular chondrocranium is that it is bent 
at an angle to the developing axial skeleton (Pl. IV, fig. 13). The notochord thus 
curves around sharply at the occipital region in order to continue backwards. 
Its anterior limit is quite well defined, although its extreme tip may already be seen 


to be degenerating. Occipital condyles are now distinct and appear as backward. 


projections from the base of the occipital arch, with which they are identified from 
their earliest appearance. 


(ii.) Auditory and occipital regions. 

As compared with the »revious stage, a considerable advance in the chondri- 
fication of the auditory capsules is evident. Furthermore, although this is a 
prehatching embryo, the tectum synoticum is already completely developed and 
dorsally forms a bridge between the auditory capsules from the taenia tecti 


longitudinalis of one side to that of the other (fig. 3). Reference has already been 


made in the description of the early intracapsular embryo to the extensive 
longitudinal tectal taeniae. Each is continuous in front with the taenia tecti 
marginalis and, becoming thicker behind the tectum synoticum, is continuous 
posteriorly with the occipital arch. The interruption of this continuity in certain 
Amphibia tends to isolate these structures. Thus, the taenia tecti marginalis may 
become connected to the front wall of the auditory capsule and the occipital arch 


to the hind wall of the auditory capsule. The occipital arches themselves are 
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short, stout rods, sloping forwards to their dorsal continuation with the taenia 
tecti longitudinalis and thus enclosing the foramen jugulare. 

Posteriorly and ventro-laterally the outer wall of the auditory capsule bears 
a large fenestra ovalis, with an associated operculum which is remarkable for its 
early development. The fact that the operculum is the only middle ear structure 
present in either of the two genera of amphicoelous frogs, Leiopelma and Ascaphus, 
is of particular interest, considering their different modes of development and 
their different habitats, and is discussed further on pp. 243-246. 

In earlier intracapsular stages the fenestra ovalis is first demarcated by a zone 
which, apparently retarded in its development, remains procartilaginous, while 
the rest of the auditory capsule continues to chondrify. Within the thickness of 
this procartilaginous sheet covering the fenestra, the operculum then chondrifies, 
starting from a more posterior and dorsal region. In the specimen used as a basis 


Fig. 3. 
ts 


O.5 mn. 
Contour reconstruction of auditory and occipital regions of late intracapsular embryo ; posterior 
view. ac, auditory capsule ; fj, foramen jugulare ; fov, fenestra ovalis ; n, notochord, oa, occipital 
arch ; occ, occipital condyle ; op, operculum ; ts, tectum synoticum, 


for this description, the operculum is well developed and, on one side particularly, 
fuses postero-dorsally with the cartilaginous wall of the auditory capsule. The 
fact that the operculum is of later chondrification than the capsular cartilage is 
still evident. 

The medial wall of the auditory capsule is still perforated by a single foramen 
acusticum for the passage of the auditory nerve. Above the foramen acusticum 
is the foramen endolymphaticum, now more clearly defined, and posteriorly to 
the foramen acusticum is a large foramen perilymphaticum, This latter is still 
undivided and throughout development there is no associated opening to the 
subcranial space below. 

The facial nerve leaves the cranial cavity by its own foramen and passes vertically 
downwards to the ganglion geniculatum immediately below. The palatine branch 
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of the facial nerve originates subcranially from the unenclosed ganglion geniculatum 
and thus has no separate foramen of its own. A prefacial commissure separates 
the facial foramen from the foramen prooticum. 

From the ganglion geniculatum the hyomandibular branch of the facial nerve 
passes obliquely outwards and backwards underneath the auditory capsule and is 
now enclosed in a horizontal canal (fig. 4). The palatine branch of the facial nerve 
passes off from the ganglion geniculatum anteriorly, before the hyomandibular 
branch, passing out laterally from the ganglion, enters this canal. Thus the canal 
may be distinguished as a hyomandibular canal rather than a facial canal. No 
blood-vessels leave the cranial cavity by way of the facial foramen, neither does 
any vessel accompany the hyomandibular nerve through its canal. 


Fig. 4. 


0.5 mm. Mc 


Contour reconstruction of orbitotemporal and auditory regions of late intracapsular embryo ; anterior 
view. ac, auditory capsule; fmv, foramen metopticum—ventral division; fp, foramen 
prooticum ; fr, foramen rotundum ; Mc, Meckel’s cartilage ; oth, otohyoid ledge ; pa, processus 
ascendens ; pao, pila antotica; pfc, prefacial commissure ; pot, otic process of quadrate ; 
pte, pterygoid process of quadrate; tm, taenia tecti marginalis; ts, tectum synoticum ; 
III, oculomotor nerve ; Vg, Gasserian ganglion ; Vmd, mandibular branch of trigeminal nerve ; 
Vmx, maxillary branch of trigeminal nerve; Vp, profundus branch of trigeminal nerve ; 
VIlg, ganglion geniculatum ; VIIp, palatine branch of facial nerve. 


In this late intracapsular embryo the hyomandibular canal is at a formative 
stage and encloses the hyomandibular nerve only for a short distance immediately 
under the auditory capsule (Pl. I, fig. 4). The roof of the canal is the well- 
chondrified cartilaginous floor of the auditory capsule, whereas its floor consists. 
of young chondrifying cartilage which becomes increasingly procartilaginous and 
indefinite in outline below. From this point a tract of cells passes downwards 
to the region where the processus hyoideus of the quadrate and the dorsal end of 
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the ceratohyal articulate. In earlier stages of intracapsular development, where 
the quadrate is even more anteriorly placed and lies in front of the auditory 
capsule, this tract of cells is directed towards the ceratohyal alone. 

A short distance beyond its canal the hyomandibular nerve turns down and 
continues forwards (fig. 6B). It passes laterally to the processus hyoideus of the 
quadrate and at a low level bifurcates into its mandibular (r. mandibularis internus 
=‘ chorda tympani ’) and hyoidean branches. The hyomandibular nerve thus has 
no relationships with the fenestra ovalis and operculum, which are some distance 
behind it, neither is it accompanied at all by the vena capitis lateralis in its course. 


(iii.) Orbitotemporal region. 


The orbital cartilage is characterized by being developed dorsally to a consider- 
able height. In the preoptic region this cartilage is most extensive, since the 
optic foramen is placed well back. Between the optic and oculomotor foramina and 
between the oculomotor and prootic foramina are narrow pilae, the pila metoptica 
and the pila antotica, respectively. 

Immediately behind the epiphysis of the brain the preoptic orbital cartilage 
is roofed over by a slender epiphysial bar. This structure. persists throughout 
development and may be recognized stage by stage until the adult condition is 
reached. In the adult it forms a well-developed roofing cartilage separating 
anterior and posterior fontanelles and, although slightly more posterior in position, 
it bears the same relations to the epiphysis of the brain as in young forms. Such 
an epiphysial structure, in complete form, has been previously recognized among 
Amphibia only in the case of Heleophryne (Ramaswami, 1944), although a slight 
projection from the dorsal edge of the orbital cartilage on each side, in similar 
position to the epiphysial bar of the embryonic chondrocranium of Leiopelma, 
has been shown in illustrations of tadpoles of Ascaphus (Pusey, 1943), Discoglossus 
(Pusey, 1943) and Alytes (van Seters, 1922). 

Antero-dorsally the preoptic root of the orbital cartilage is pierced at a high 
level by the trochlear foramen. The antero-dorsal position of this foramen is as 
a condition comparable to that of certain urodeles such as Amblystoma and Sala- 
mandra, where the nervus trochlearis has similar high-level exit from the cranial 
cavity. In these animals, however, the trochlear nerve passes freely over the 
dorsal edge of the orbital cartilage and does not perforate it. 

The floor of the cranium is well chondrified at this stage and, as is typical of all 
frog larvae, is pierced by two pairs of foramina, the foramen caroticum primarium 
and the foramen cranio-palatinum of each side. The former admits the carotid 
artery of its side to the brain case. The latter, which is more anteriorly placed 
and closer to the mid-line, allows the palatine branch from the carotid artery to 
reach the palate. 

From the lateral aorta the internal carotid artery runs forwards passing medially 
to the ganglion geniculatum. It pierces the cranial floor medially to the trabecula 
of its side by way of the foramen caroticum primarium. Its passage, however, is 
oblique and for some little distance it lies in a slight groove medial to the trabecula. 
This condition becomes more marked as development proceeds and it indicates the 
beginnings of the carotid groove occurring in the adult. A rather similar condition 
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occurs in the adult Salamandra, although there a carotid canal is formed, since the 
groove is covered ventrally by the parasphenoid bone. In Salamandra, however, 
there is no definite carotid foramen and the carotid artery, after passing through the 
carotid canal, enters the cranial cavity through the basicranial fenestra. 


Fig. 5. 


pao 


fp 


O.5 mn. 


Graphical reconstruction of chondrocranium of late intracapsular embryo ; dorsal view. The nasal 
capsules, though rather procartilaginous, are reconstructed and thus the tectum nasi on each 
side is shown in this view. ac, auditory capsule ; epb, epiphysial bar ; fc, foramen cranio- 
palatinum ; fep, foramen caroticum primarium ; fj, foramen jugulare ; fo, foramen opticum ; 
focn, foramen oculomotorii ; fol, foramen olfactorium ; forn, foramen orbitonasale ; fp, foramen 
prooticum ; fpl, foramen perilymphaticum ; ftr, trochlear foramen ; lon, lamina orbitonasalis ; 
Mc, Meckel’s cartilage ; , notochord ; oa, occipital arch ; pae, pila ethmoidalis ; pao, pila 
antotica ; pmo, pila metoptica ; pob, preoptic root of orbital cartilage ; pic, pterygoid process 
of quadrate ; g, quadrate ; ins, tectum nasi ; ts, tectum synoticum. : 


Within the cranial cavity the internal carotid artery of each side gives off a 
palatine artery which runs forwards and leaves the cranial cavity by its own foramen, 
the foramen cranio-palatum. The main ophthalmic artery (a. ophthalmica 
magna), which arises from the internal carotid artery slightly more anteriorly, 
does not issue from the cranial cavity with the optic nerve, but passes through 
a ventral division (not necessarily complete) of the oculomotor foramen. In late 
intracapsular stages and in the adult a bridge of cartilage may subdivide the 
oculomotor foramen into a more dorsal and posterior foramen for the oculomotor 
nerve and a more ventral and anterior foramen for the a. ophthalmica magna. 


ON THE CHONDROCRANIUM AND VISCERAL ARCHES OF LEIOPELMA ARCHEYI. 219 


In the specimen used as a basis for this description, a bridge of cartilage is well 
developed on one side only. 

The vena capitis lateralis, formed by the confluence of its various factors outside 
the cranial cavity, passes back at first immediately under the auditory capsule. 
More posteriorly it runs laterally and dorsally to the hyomandibular canal and 
then continues back in a similar position in relation to the fenestra ovalis and the 
operculum. 

The foramen prooticum, through which the trigeminal and abducens nerves pass,. 
is extended dorso-ventrally and covered above by the taenia tecti marginalis. 


(iv.) Ethmoidal region. 


The cranial cavity is not shut off by cartilage anteriorly and there is thus a 
large fenestra precerebralis in front. Although the floor of the chondrocranium 
is complete, the platytrabic trabeculae are still distinguishable in outline from 
the younger, interconnecting cartilage. Anteriorly the trabeculae thicken and 
from them long, rod-like trabecular horns turn sharply downwards (fig. 6A). 
Suprarostral cartilages, which are regarded as derivatives of the trabecular horns 
and consist of median and lateral cartilages, and which are so characteristic of 
the free-living Anuran tadpoles, including Ascaphus, are absent in Leiopelma. 

The nasal capsules are ventro-laterally placed and widely separated. A nasal 
septum is absent and the nasal capsules have widely separated, outwardly sloping, 
medial walls. In front of the foramen olfactorium the medial wall of each nasal 
capsule is formed by the trabecula below and the pila ethmoidalis above. Behind 
the foramen olfactorium it is formed by the trabecula and the preoptic root 
of the orbital cartilage on each side. ._The tectum nasi and solum nasi, .both 
procartilaginous, are continuous in front and behind. That is, the nasal capsule 
is cup-shaped, with’the fenestra narina directed out not only laterally, but also 
rather ventrally, since the tectum nasi is more strongly developed than the solum 
nasi and extends out with downward curvature much farther than the solum. 
The anterior wall (cupola) of the nasal capsule is complete, but posteriorly the 
-solum nasi becomes reduced to a slight projecting shelf at the choana. 

The orbito-nasal foramen opens through the roof of the nasal capsule at its 
inner margin, adjacent to the preoptic root of the orbital cartilage. Similarly, 
the foramen apicale opens ventrally between the floor of the nasal capsule 
(solum nasi) and the root of the cornu trabeculae. Behind the orbito-nasal foramen 
a broad lamina orbitonasalis, extending outwards, downwards and backwards, 
is chondrifying. It covers dorso-laterally the most posterior region of the narial 
tube leading to the choana. The lamina orbitonasalis becomes continuous with 
the front end of the pterygoid process of the quadrate, but these two structures 
are distinguishable through their different degree of chondrification. With 
increased chondrification of the lamina orbitonasalis, the pterygoid process of 
the quadrate will appear to be connected to its outer edge, since the true 
connection of the process with the neurocranium will be obscured. At this stage, 
however, as is readily seen in earlier stages before the lamina orbitonasalis and, 
in fact, the entire nasal capsule appears, the pterygoid process of the quadrate 
‘may still be observed to fuse directly with the trabecula of its side. This 
developmental feature is more fully described and discussed on p. 232. 
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(v.) Visceral arch skeleton. 


Since the mouth is ventral and not terminal in position, Meckel’s cartilage 
has an extremely posterior position, the cartilages of right and left sides meeting 
in front in the middle line, at a level that is behind the nasal capsules and beneath 
the middle of the eye. Infrarostral cartilages are absent. Posteriorly each 
cartilage is attached to the medial side of the quadrate by its more dorso-lateral 
aspect, so that a post-articular portion of it projects back behind and below the 
quadrate. 

The body of the quadrate has its long axis only slightly. tilted and is not directed 
more or less obliquely forwards from the neurocranium as in Rana and Ascaphus. - 
Its anterior and posterior faces are broad, but its lateral face is narrow, particularly 
dorsally. The quadrate has a well-developed otic process that fuses with the 
auditory capsule at a high level. A processus ascendens is present and rises from 
the quadrate at approximately the same high level as the otic process, though 
medially, and its attachment in front to the pila antotica is also at a high level. 
As in other intracapsular stages, the processus ascendens is perforated by a 
foramen rotundum. The mandibular branch of the trigeminal nerve passes through 
this foramen, whereas the maxillary branch passes on the outside of the processus 
ascendens (PI. ITT, fig. 12 ; and fig. 4). Thus there is cartilage between the profundus 
and mandibular branches of the fifth nerve and also between its mandibular and 
maxillary branches. This condition, occurring in an amphibian, is of interest 
because of the generally accepted view that the mammalian ala temporalis has 
evolved out of the processus ascendens. It is to be noted, however, that the 
maxillary branch of the trigeminal nerve in Leiopelma lies dorsally and laterally 
to the mandibular branch, and that it is the latter which passes through the 
foramen rotundum and not the maxillary nerve, as in the mammalian condition. 

As has already been shown, the pterygoid process of the quadrate differs from 
that of other Anura in that even in early intracapsular stages it is completely 
developed. Its anterior connection is described above. Posteriorly it fuses with 
the body of the quadrate on the antero-medial side of the latter and at a low 
level. At approximately the same level as the pterygoid process, though from 
the posterior side of the quadrate, a well-developed processus hyoideus projects 
back to articulate with the dorsal end of the ceratohyal. As in all intracapsular 
stages, the so-called ‘ basal’ process of the quadrate is not fully chondrified and 
is represented merely by a tract of procartilaginous cells extending downwards 
from the floor of the hyomandibular canal. 

The hyobranchial skeleton of the late intracapsular embryo shows some advance 
on the condition seen in the previous stage. The hypobranchial plates have 
increased in size and are much wider, and the whole hyobranchial skeleton has 
become more robust. The deep urobranchial keel is still a very well-developed 
structure, but the prongs have failed to chondrify further and are beginning to © 
atrophy. 

The most striking feature of this stage is the clear delineation of a medial rod, 
distinct from the fourth ceratobranchial. This cartilaginous bar may be identified 
only as a fifth ceratobranchial. It lies close to the fourth ceratobranchial, but the 
two are usually quite distinct for some distance (fig. 12)A. Terminally it fuses 
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Fig. 6A. 


epb 


0.5 mn. 


Contour reconstruction of late intracapsular embryo; lateral view. The nasal capsule is not. 
3 reconstructed ; apart from ceratohyal, hyoid structures are not shown. 


Fig. 6B. 


0.5 mm. 


As above, but modified to show the position of the developing otohyoid ledge, hyobasal process 
and the relationships of the hyomandibular nerve and stapedial artery. ac, auditory capsule ; 
ch, ceratohyal ; ct, cornu trabeculae ; epb, epiphysial bar ; fep, foramen caroticum primarium ; 
fj, foramen jugulare; fo, foramen opticum; focn, foramen oculomotorii; fol, foramen 
olfactorium ; fov, fenestra ovalis ; ftr, trochlear foramen ; hbp, hyobasal process ; Mc, Meckel’s 
: cartilage ; oa, occipital arch ; op, operculum ; oth, otohyoid ledge ; pa, processus ascendens ; 
pot, otic process of quadrate ; prh, processus hyoideus ; pic, pterygoid process of quadrate ; 
q, quadrate; rhf, ramus hyoideus facialis; rmi, ramus mandibularis internus facialis ; 

sa, stapedial artery ; ts, tectum synoticum ; VIIh, hyomandibular branch of facial nerve. 
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with the fourth ceratobranchial. This fifth ceratobranchial is not evident for 
long and has disappeared at the time of hatching. Such a structure is not unknown 
in Amphibia. In the early stages of the development. of Hypogeophis, a minute 
fifth ceratobranchial is present (Gehwolf, 1923). Pusey (1943) notes in the 
Ascaphus tadpole “ the possibility that the much larger fourth spiculum is really 
a fifth branchial arch, still’ quite well developed in Ascaphus and supplied with 
muscles like the other arches ”’. 


B. Post-hatching development. 


Occipital. and auditory regions. 


In Leiopelma archeyi the manner of formation of the occipital condyles and 
cups differs from that previously described in the Urodela and Anura. During 
intracapsular development the occipital condyles appear as backwardly directed 
processes from the well-chondrified occipital arch. At first they are slight, blunt 
projections but they gradually become more prominent. From their earliest 
appearance their cells are indistinguishable from the cells of the base of the 
occipital arch, whence they arise. There is thus no evidence of the condyles arising 
from an intercalary arch and subsequently fusing with the occipital arch as in 
certain other Amphibia (Mookerjee, 1930, 1931). On their medial side the occipital 
condyles abut obliquely against the cartilage of the atlas, and in this region cups 
for the articulation of the condyles gradually form on the antero-lateral face of the 
atlas. The suboccipital nerve passes out in front of the atlas arch and immediately 
above the articulatory zone, not between the condyle and cup as in Triton and Rana 
(Mookerjee, 1930, 1931), and it innervates the developing M. opercularis. The 
persistence of the suboccipital nerve and its relationships in the adult were 
described by E. M. Stephenson (1948-49). 

In the adult frog, as in Ascaphus, vertebrae are not only amphicoelous but there 
is one more presacral vertebra than in any other living Anuran. Although the 
development of the vertebral column has not yet been studied in detail, it may be 
noted that a greater number of cartilaginous neural arches are evident in 
development than has previously been reported in Anura. In Pl. IV, fig. 15, 
twelve complete arches and a rudimentary thirteenth are shown. Eleven are 
described for Rana temporaria. 

The relationships of the notochord to the basal plate in post-hatching stages 
are illustrated in Pl. IV. An examination of these photomicrographs shows that 
the cranial notochord is reduced in extent as compared with intracapsular stages. 
In the post-hatching period, cranial flexure, which was so marked in the 
intracapsular embryo, is lost. Hence the notochord no longer bends around the 
occiput but its passage through the cranial region is rather oblique. There is a 
well-marked hypochordal connection joining the parachordals anteriorly but this 
cartilaginous hypochordal plate below the notochord becomes reduced as the 
occipital region is approached. The notochord is not occluded in development 
at the occipito-atlantal jot and the persistence of cranial notochord in the 
adults of L. archeys and L. hochstetteri were described by E. M. Stephenson 
(1948-49). 
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The occipital arch itself encloses from above the foramen jugulare and 
throughout development it is continuous dorsally with the longitudinal tectal 
taenia. There is no preoccipital arch such as that described in the primitive 
urodele, Cryptobranchus, in which the preoccipital arch closes the foramen jugulare 
from behind. In Letopelma, as in other Amphibia, it is the occipital arch that 
effects this closure. Furthermore, in Cryptobranchus, between the preoccipital 
arch and the occipital arch there is a hypoglossal foramen through which a 
persistent ventral nerve-root emerges. There is no hypoglossal foramen in 
Leiopelma and the suboccipital nerve passes out between the occipital and 
_atlantal arches. 

In intracapsular stages, and up to the end of the second week after hatching, 
the auditory capsule is fused to the basal plate right to its posterior extremity 
behind the level of the foramen jugulare. Hence the ninth and tenth nerves 
and posterior cerebral vein pass out postero-laterally. By the end of the third 
week after hatching, further development of the auditory capsule, particularly 


Fig. 7. 


0.5 mm. 
Contour reconstruction of section of auditory capsule, two weeks after hatching ; anterior view, from 
level of foramina perilymphatica. ac, auditory capsule ; fj, foramen jugulare ; fov, fenestra 


ovalis ; fpli, foramen perilymphaticum inferius; fpls, foramen perilymphaticum superius ; 
lis, longitudinal tectal taenia ; op, operculum. 


in a more dorsal region, results in its posterior end overlying the nerves and 
the blood-vessel emerging from the foramen jugulare and giving them a more 
ventral exit. Even at the end of this third week, as in the adult, the auditory 
capsule is fused to the basal plate right back to the level of the foramen jugulare. 
There is thus no deep fissure comparable to that which in Rana brings the foramen 
jugulare (=—fissura metotica) into close relationship with the foramina peri- 
lymphatica. In Leiopelma the foramina perilymphatica lie in front of the 
foramen jugulare, and the medial wall of the auditory capsule, which also forms 
the lateral wall of the cranial cavity, is complete for some little distance behind 
them. The foramen perilymphaticum of the intracapsular embryo is essentially 
an opening through the medial wall of the auditory capsule which, during the 
first week after hatching, becomes subdivided by a strut of cartilage into a 
foramen perilymphaticum superius and a foramen perilymphaticum inferius. 
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In the post-hatching period the operculum increases greatly in size, becoming 
strongly convex on its outer side and slightly concave on its inner side. By the 
end of the third week after hatching, it not only largely fills the fenestra ovalis. 
but also projects back beyond the level at which the fenestra ovalis closes. 
Furthermore, by this time, the operculum has become more strongly fused 
postero-dorsally to the wall of the auditory capsule, mainly at a level that is behind 
the point of closure of the fenestra ovalis. About the time of hatching, the 
M. opercularis becomes attached to the posterior tip of the operculum, and its 
attachment is strengthened during the subsequent weeks. The operculum is the 
only middle ear structure apparent at any stage of development. 

At the three weeks after hatching-stage, the saccus endolymphaticus appears 
anteriorly immediately above the Gasserian ganglion of its side as a small, simply 


lined, tubular sac. It becomes slightly larger as it passes back and assumes a dorsal — 


position overlying the more anterior portion of the posterior choroid plexus for a 
very short distance. Actually the sacci endolymphatici do not extend far behind 
the level of the foramen endolymphaticum and remain simple structures, being 
neither dorsally connected nor ventrally extended. Now, as throughout their 
development, they do not extend into the vertebral canal. Thus Leiopelma 
agrees with the Urodela (Whiteside, 1922) and such Anurans as Discoglossus pictus 
and Bombinator igneus (Coggi, 1890) in which the saccus endolymphaticus is 
confined to the cranial cavity and does not extend into the vertebral canal. 
Whiteside (1922) studied the development of the saccus endolymphaticus in 
Rana temporaria, in which it extends in the vertebral canal as far as the seventh 
vertebra. From this extension, processes pass out through the intervertebral 
foramina and come to lie on the spinal ganglia as ‘ calcareous sacs’ or ‘ glands 
of Swammerdam’. An intermediate condition apparently occurs in Xenopus 
laevis, for Paterson (1949), in tracing the development of the sacci endolymphatici 
in that animal, found that they extend only a short distance into the vertebral 
canal. 

At the time of hatching, a single extensive foramen acusticum is present. It 
appears at the same level as the facial foramen, from which it is quite distinct, and 
extends back for some distance. By the end of the first week the foramen 
acusticum anterius is established and farther back the foramen acusticum medius 
and foramen acusticum posterius are being differentiated from each other. 
The foramen acusticum medius is slightly in front of and below the foramen 


acusticum posterius and they are separated at this stage by a thin strip of 


cartilage. During the subsequent weeks the adult condition of three separate 
foramina acustica is attained. 
Throughout post-hatching development and in the adult the facial foramen 
maintains its initial distinctness from the auditory capsule. This is not so in 
Ascaphus (Pusey, 1943) where a joint anterior acustic foramen provides an exit 
for the facial nerve which then appears to run through the capsular cavity to the 


separate foramina for its hyomandibular and palatine branches. Pusey also ° 


notes that capsular arrangements similar to those of Ascaphus occur in young 
larvae of Discoglossus. The condition in Leiopelma may be compared with that 
in Amblystoma, in which the branches of the facial nerve are completely separated 
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from the cavity of the auditory capsule by the capsular wall. This is regarded 
by de Beer (1937) as primitive, and important, as Gaupp (1893, p. 285) has pointed 
out, since the condition in other Urodela (where the capsular wall is not 
chondrified and the facial nerve seems to pass through the capsule) and in Anura 
can both be derived from it. This being so, the condition described for the tadpole 
of Ascaphus (Pusey, 1943), in which the true floor of the auditory capsule is a 
membranous sheet and the effective floor of the anterior part of the auditory 
capsule is formed by ‘ basitrabecular’ and ‘ post-palatine’ parts of the ‘ ledge 
of cartilage’, would then be secondary to the condition in Leiopelma, in which 
a similar ‘ledge of cartilage ’ is present (its origin and relationships are described 
below) but in which the floor of the auditory capsule above this structure is 
completely chondrified. In his interpretation of this region of the chondrocranium 
of Ascaphus, Pusey (1938, 1943) postulated the existence of a basitrabecular 
process and formulated a theory (discussed below) of a basitrabecular origin for 
the basal process of the quadrate in Anura. 


The development of the hyomandibular canal, the otohyoid ledge and the quadrate 
hyobasal process in Leiopelma archeyi. 


In the following description the development of the hyomandibular canal, 
the otohyoid ledge and the quadrate hyobasal process is considered in both 
intracapsular and post-hatching stages and is illustrated by a series of 
photomicrographs corresponding to the successive stages of development. 


Stage 1. KHarly intracapsular embryo. (PI. I, fig. 3.) 

The facial foramen is shown on the right side of the photomicrograph, while 
on the left side, which is cut slightly more posteriorly, the hyomandibular nerve 
is seen passing out horizontally under the auditory capsule. As yet there is no 
hyomandibular canal but a tract of cells may be observed passing down towards 
the ceratohyal. The internal carotid artery lies medially, and the head vein 
laterally, to this tract. At this stage of development the quadrate is very much 
more anteriorly placed and lies well in front of the auditory capsule. 


Stage 2. Late intracapsular embryo. (PI. I, fig. 4.) 


Through slightly oblique sectioning, the right side of the photomicrograph 
represents a more anterior view than the left. On the right side the facial foramen 
is about to open and below it the ganglion geniculatum is in view. On the left 
side chondrification in the tract of cells illustrated in Stage 1 has proceeded from 
a dorsal centre. Thus a flat plate of cartilage against the auditory capsule forms 
the hyomandibular canal. Its recent formation is evident in that as compared 
with the basal plate and auditory capsule it consists of much younger cartilage, 
and because of this it is sharply defined from the capsular cartilage with which 
it is fusing. On the medial side the actual canal is partly exposed in section 
and the hyomandibular nerve is seen lying in it.. The entire structure forming 
the canal becomes more procartilaginous ventrally and merges into a tract of cells 
still directed towards the ceratohyal. 
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‘Stage 3. One. week after hatching. (Pl. II, figs. 5 and 6.) 


By this time the quadrate has moved back under the auditory capsule and has. 
come into relationship with it. The photomicrographs, which. are of right and 
left sides of the same individual, show the hyomandibular canal in section and: 
the hyomandibular nerve leaving it laterally. But most importantly the stapedial 
artery from the internal carotid artery is seen to pierce the chondrifying mass, 
of which the upper portion is better developed and forms the floor of the 
hyomandibular canal, while the lower portion is effecting a new relationship 
with the quadrate. The perforation of this developing structure by the stapedial 
artery is a condition which arises by gradual chondrification around the stapedial 
artery during intracapsular stages. It indicates that the perforated structure is 
the ‘stapes’ or hyomandibula. This stapes meets the wall of the auditory 
capsule medially and ventrally to the lateral head vein. It lies laterally to the 
internal carotid artery, ventrally to the hyomandibular branch of the facial nerve. 
Its upper portion chondrifies first, chondrification then extending from above 
downwards. These relationships of the stapes in its early development are 
illustrated by a lateral contour reconstruction (fig. 6B). 


Stage 4. Two weeks after hatching. (PI. II, fig. 7.) 


The upper portion of the stapes forming the hyomandibular canal is now well 
chondrified, but the lower portion is still of young cartilage. As chondrification 
proceeds, the stapedial artery disappears; it is absent in the adult (E. M. 
Stephenson, 1948-49). 


_Stage 5. Three weeks after hatching. 


The stapes does not remain in a single piece. Between the second and third 
weeks of post-hatching development a secondary joint is gradually formed in the 
stapes (PI. I, fig. 7 and Pl. III, figs. 9 and 10). Its upper portion becomes firmly 
attached to the auditory capsule and forms the floor of the hyomandibular canal 
and articulates with the lower portion, which now fuses with the quadrate. This 
is the adult condition and for the upper portion of the original stapes the term 
otohyoid ledge has been suggested (EK. M. Stephenson, 1948-49); for the lower 
portion, the hyobasal process of the quadrate. 


Orbitotemporal region. 

In intracapsular embryos the orbital cartilage was characterized by its 
considerable height and it dorsally reached a higher level than the eyes. As 
development proceeds in the post-hatching period, the orbital cartilage becomes 
proportionately less high and, by the third week after hatching, is below the level 
of the eyes on each side. The projection of the eyes well above the general dorsal 
level is one of the striking external features of the adult head. 

Preoptic, metoptic and antotic regions of the orbital cartilage remain distinct, 
although the pila metoptica throughout development is of rather slight extent 
because of the close approximation of the optic and oculomotor foramina. The 
orbital cartilages, as in intracapsular development, continue to be bridged by an. 
epiphysial bar. Whereas this bar is preoptic in position in intracapsular stages, 
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it is slightly post-optic in post-hatching stages. In the tadpole of Heleophryne 
Ramaswami (1944) described an epiphysial bar which is formed post-optically 
and which persists into the adult. He identified the taenia tecti transversalis of 
the adult Heleophryne, illustrated and described by du Toit (1931), as really being 
the epiphysial bar. An examination of du Toit’s figure shows that this structure 
is in similar position to the epiphysial bar of Leiopelma. In neither genus is the 
epiphysial bar connected to the tectum synoticum, which is some distance farther 
back. There is thus no structure comparable to the taenia tecti medialis of Rana. 
Pusey (1943) stated that in Ascaphus a taenia tecti medialis and a taenia tecti 
transversalis are both absent in the larva, and de Villiers (1934) noted the absence 
of the transverse and median taeniae in the adult Ascaphus. 


Fig. 8. 


0.5 mm. 


Contour reconstruction of chrondrocranium, one week after hatching ; lateral view. The hyoid plate 
is not shown. ac, auditory capsule ; ch, ceratohyal ; ct, cornu trabeculae ; epb, epiphysial bar ; 
fj, foramen jugulare ; fmd, foramen metopticum—dorsal division ; fmv, foramen metopticum— 
ventral division ; fn, fenestra narina ; fo, foramen opticum ; fon, foramen orbitonasale ; fov, 
fenestra ovalis ; fir, trochlear foramen ; lon, lamina orbitonasalis ; Mc, Meckel’s cartilage ; 
oa, occipital arch ; op, operculum ; pa, processus ascendens ; pot, otic process of quadrate ; 
pic, pterygoid process of quadrate ; g, quadrate ; ts, tectum synoticum. 


Throughout post-hatching development the foramen trochlearis maintains 
its initial high-level position. It lies above and slightly in front of the foramen 
opticum. According to Pusey (1943) a foramen trochlearis is absent in the 
tadpole of Ascaphus and the fourth cranial nerve has an exit through the 
oculomotor foramen. De Villiers (1934), on the other hand, had previously stated 
that in the adult “the fourth cranial nerve lies in cartilage dorsal to the 
optic foramen from which it is separated by a thin cartilage arcade” and this 
position is comparable to that in Leiopelma. In Rana temporaria the foramen 
trochlearis of the tadpole is posteriorly placed and lies in front of the prootic 
foramen and slightly above and behind the oculomotor foramen. During 
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metamorphosis in Rana (see lateral reconstructions, Pusey, 1938) the foramen 
trochlearis gradually assumes a more forward position above the foramen opticum 
but it is never in front of this latter foramen as in the developing stages of 
Leiopelma archeyi. 

Division of the oculomotor foramen by a bridge of cartilage into an antero-ventral 
foramen for the arteria ophthalmica magna and a postero-dorsal foramen for the 
oculomotor nerve may become more distinct in post-hatching stages, but the 
dividing bridge of cartilage is not always developed. 

The sclerotic cartilage on each side arises fairly late, towards the end of 
metamorphosis, in most Anura. In Urodela it arises in the larva, but whereas 
in some forms it persists in the adult, in others it disappears at metamorphosis. 
In Leiopelma archeyi the sclerotic cartilage becomes evident shortly after the time 
of hatching. By the end of the third week after hatching, it is particularly well 
developed and it persists in the adult. The sclerotic cartilage has the typical 
kettle-drum form. It surrounds the eyeball proximally and is pierced by the 
optic nerve and blood-vessels. 

The foramen caroticum primarium, unlike the foramen cranio-palatinum, 
retains its identity throughout post-hatching life. Thus, whereas in Rana 
the foramen caroticum primarium merges into the oculomotor foramen at 
metamorphosis, it remains distinct in the adult of Leiopelma. Du Toit (1934) 
finds that both the foramen caroticum primarium and the foramen cranio-palatinum 
preserve a separate identity in the adult of the Cystignathid frog, Crinia georgiana. 
But in Leiopelma, although the foramen cranio-palatinum jis distinct up to about 
the end of the first week of post-hatching life, and is placed close to the mid-ventral 
line at the level of the oculomotor foramen, it is gradually occluded in this position 
and only traces of it remain by the third or fourth week after hatching. The 
occlusion im situ of the foramen cranio-palatinum of each side contrasts with the 
condition in Rana where, at metamorphosis, each foramen cranio-palatinum 
merges into the foramen opticum of its side. Both the foramen caroticum 
primarium and the foramen cranio-palatinum are more posteriorly placed in 
Leiopelma than in Rana. De Villiers (1934) does not state whether these foramina 
are distinct in the adult Ascaphus or not. 

Since the ascending process of the quadrate is attached at a high level to the 
orbital cartilage in intracapsular stages, the fate of this process in post-hatching 
weeks may be considered here in connection with the orbitotemporal region. The 
gradual backward movement of the quadrate to a vertical position below the 
front end of the auditory capsule is facilitated by the destruction of its ascending 
process. This destruction is effected by erosion of the process near the middle of 
its length (that is, in the region of the foramen rotundum), leaving rudiments 
of the process still attached to the orbital cartilage and to the quadrate. 

The beginnings of such erosion may be observed even in very late intracapsular 
stages. At the time of hatching, the ascending process is still complete, but partial 
erosion on one side—usually its outer side—has reduced its width and largely 
destroyed the identity of the foramen rotundum. Erosion is complete in this 
region by about the end of the second week after hatching. 

In one specimen, at a stage three weeks after hatching, a well-marked projection 
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is seen on the outer side of the orbital cartilage behind the foramen opticum. This 
ridge-like structure is a remnant of the ascending process and is its dorsal end which 
remains attached to the orbital cartilage. This remnant of the ascending process 
is quite distinct from the cartilage of the auditory capsule. It disappears and 
the orbital cartilage again narrows before the auditory region is reached. 

In the same specimen, below the extreme anterior tip of the auditory capsule, 
there appears a cartilaginous structure which, though at first a free rod-like bar, 
closely applied but not attached to the capsule, soon becomes more lateral to the 
capsule and fuses with its wall. There is thus formed a cartilaginous ridge which 
continues back to a point where the quadrate becomes fused to the auditory 
capsule by its otic process. In front this ridge separates the maxillary and 
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Contour reconstruction of orbitotemporal and auditory regions, two weeks after hatching ; anterior 
view. ac, auditory capsule; ch, ceratohyal; fc, foramen cranio-palatinum ; fen, foramen 
endolymphaticum ; ff, facial foramen ; focn, foramen oculomotorii ; fp, foramen prooticum ; 
hme, hyomandibular canal; hp, hyoid plate ; Mc, Meckel’s cartilage ; oc, orbital cartilage ; 
oth, otohyoid ledge ; pa, processus ascendens ; pfc, prefacial commissure ; pot, otic process of 
quadrate ; pic, pterygoid process of quadrate ; g, quadrate ; ts, tectum synoticum. 


mandibular branches of the trigeminal nerve. By tracing its formation through 
the post-hatching period, it may clearly be identified as a portion of the original 
ascending process of the quadrate which has become pressed against the front 
wall of the auditory capsule through the rotation and backward movement of the 
quadrate body. It represents the lower part of the ascending process which has 
become detached from the quadrate and secondarily fused to the capsular wall. 
Traces of the original connection between this lower part of the ascending process 
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and the dorsal remnant. attached to the orbital ¢artilage may still be observed 
at this stage, although eventually they are lost. Actually the degree of erosion 
of the ascending process is extremely variable at any post-hatching stage and if 
such traces are positionally illustrated as in fig. 10, they produce a connection 
between the orbital cartilage and the front wall of the auditory capsule, which 
divides off a dorsal division of the trigeminal foramen in an essentially similar 
way to the ‘ trigeminal bridge’ of the adult Ascaphus (de Villiers, 1934). 


Fig. 10. 
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Contour reconstruction of orbitotemporal and auditory regions, three weeks after hatching ; anterior 
view. ac, auditory capsule ; ch, ceratohyal ; ff, facial foramen ; focn, foramen oculomotorii ; 
fp, foramen prooticum ; hbp, hyobasal process ; Mc, Meckel’s cartilage ; oc, orbital cartilage ; 
oth, otohyoid ledge ; pa, processus ascendens ; pot, otic process of quadrate ; ptc, pterygoid 
process of quadrate ; g, quadrate ; ts, tectum synoticum. 


Pusey (1938), in discussing this trigeminal bridge of the adult Ascaphus which 
separates V, from V, and V,, first put forward the view that it is possibly the 
inner end of the ascending process fused secondarily and laterally to the front 
face of the auditory capsule. The fact that in the adult Ascaphus both V, and V, 
appear on the outside of this bridge presents no difficulty in making a comparison 
with remnants of the ascending process in Leiopelma. In Ascaphus both 
V, and V, appear on the outer side, and V, on the inner side of the tadpole 
ascending process, which is not perforated by a foramen rotundum. In the 
developmental stages of Leiopelma archeyi, because of the foramen rotundum, 
cartilage occurs between V, and V, as well as between V, and V,. 

The above description of the fate of the ascending process in the development 
of L. archeyi affords an example of how portions of the visceral arch skeleton 
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may become detached from their visceral arch and secondarily fuse with the 
neurocranium. A further example of this is shown in the development of the 
otohyoid ledge, forming the floor of the hyomandibular canal, which has been 
described above on p. 226. 


Ethmoidal region. 


~The development of the ethmoidal region is here followed from the earliest 
appearance of the nasal capsules in the intracapsular embryo to the third week 
after hatching when, though not fully developed, the cartilages of this region 
may be readily related to those occurring in the fully adult frog. Since a description 
has already been given of the ethmoidal region in intracapsular stages, such 
development is, for convenience, summarized in this section, although certain 
aspects of it are more fully discussed in relationship to the post-hatching 
development. The following stages have been used as a basis for description :— 


Stage 1. Early intracapsular embryo. 
Stage 2. Late intracapsular embryo. 
Stage 3. One week after hatching. 
Stage 4. Two weeks after hatching. 
Stage 5. Three weeks after hatching. 


Stage 1. 


In the early intracapsular embryo the trabeculae cranii, trabecular horns and 
pterygoid processes of the quadrates are all well chondrified, but nasal capsules 
are not differentiated. The nasal sac and straight narial tube are thus unenclosed, 
except at the choana, where the narial tube is covered from above by the 
pterygoid process of the quadrate which fuses with the trabecula of its side at 
this level (Pl. I, figs. 1 and 2). 

The trabecular horns are extremely long and well developed. They’ do not 
curve out laterally but, from the trabeculae cranii, extend sharply downwards 
close to the middle line and parallel to each other. They lie in front of, and 
medial to, the choana. At the base of the trabecular horns the trabeculae cranii 
of right and left sides are now joined by a trabecular plate (internasal or ethmoidal 
plate). This more chondrified bar is distinct from procartilage now covering the 
hypophysial fenestra behind it and from a similarly procartilaginous sheet in 
front, which at this stage stretches between the slightly upturned and separate 
anterior ends of the trabeculae cranii. In a similar position to this latter 
procartilaginous sheet a blind pit, excavated from in front, was noted ‘in the 
thickness of the anterior cartilage of the chondrocranial floor of an Ascaphus 
tadpole by Pusey (1943). 

It is in this anterior region of the chondrocranium that considerable 
cartilaginous condensation soon occurs, giving rise to a broad internasal septum 
which widely separates the nasal capsules in later stages. At first the internasal 
septum, which incorporates not only this newly formed cartilage but also the 
trabeculae cranii back to the trabecular plate, merely separates the nasal capsules 
and forms a thick floor for the cranial cavity. With progressive development, 
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particularly in the post-hatching period, the internasal septum becomes a thick 
block of cartilage and forms the broad front wall of the cranial cavity. 


Stage 2. 

In the late intracapsular embryo a cup-shaped nasal capsule is apparent but, 
in contrast to the fully chondrified trabeculae cranii, trabecular horns and 
pterygoid processes of the quadrates, it consists of very young cartilage. 
Anteriorly the tectum and solum nasi are continuous and the nasal capsule is 
closed by a thin but wide cupola anterior. In front of the foramen olfactorium 
the tectum nasi is attached to the outer dorsal edge of the thickened pila 
ethmoidalis. Behind the foramen olfactorium it is similarly attached to the 
preoptic orbital cartilage as far back as the foramen orbitonasale. Beyond this 
point, however, the orbital cartilage suddenly increases to a considerable height 
and the tectum is no longer attached to its dorsal edge but at a lower level. It is 
along the line of attachment of the tectum nasi to the orbital cartilage that the 
foramen orbitonasale, for the passage of the profundus nerve into the nasal 
capsule, occurs. The solum nasi, though a complete sheet from the cupola anterior 
backwards, is much reduced posteriorly to a narrow shelf which, as the cupola 
posterior, curves upwards and becomes continuous with the tectum nasi, thus 
completing the cartilaginous nasal cup. Almost immediately behind this the 
pterygoid process of the quadrate meets and fuses with the trabecula and it covers 
from above the posterior narial tube opening into the choana. In its development 
the tectum nasi extends back and becomes continuous with the pterygoid process. 
Similarly, an extension of developing cartilage, in lateral continuity with the 
pterygoid process, now covers the narial tube dorso-laterally in its most posterior 
region. Thus the choana is covered from above by chondrified cartilage medially, 
representing the true anterior extremity of the pterygoid process fusing with the 
trabecula, and laterally by a curved, procartilaginous sheet. The later full 
chondrification of this latter, which becomes the lamina orbitonasalis, merely 
obscures the original medial connection of the pterygoid process of the quadrate 
with the trabecula. Also, a certain amount of chondrification in the angle between 
the converging pterygoid process and the trabecula makes it appear later that 
the pterygoid process has gained a lateral connection with the lamina orbitonasalis. 
Actually the original medial connection is never lost and there is really a 
pterygoid component in the more fully developed lamina orbitonasalis. 

A medial connection has been found in many Urodelan larvae but a lateral 
connection is known only in the adult of Ranodon sibiricus. Edgeworth (1925) 
and Stadtmiiller (1936) have shown that this lateral connection does not arise in 
Ranodon until sometime during adult life and after the medial larval one has 
disappeared. Leiopelma therefore seems to be the only genus amongst frogs and 
urodeles in which a complete pterygoid process with an unbroken ethmoidal 
connection persists from early development to the adult. It has thus been possible 
to note the relationship between the two connections as they develop and to show 
that the one is a gradual modification of the other. 

In its developmental and adult ethmoidal connection through the pterygoid 
process, the quadrate is more urodelan than frog-like. The ligamentum 
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quadrato-ethmoidale, which is not found in any Urodele, does not occur here. 
The trabecular-quadrate ligament, which is a special anuran feature, is also 
absent. On the other hand, both the ligamentum quadrato-ethmoidale and the 
trabecular-quadrate ligament are present in the Ascaphus tadpole (Pusey, 1943). 

Although the solum nasi does not extend laterally as far as the strongly arched 
tectum nasi, it is nevertheless characterized by its completeness and is not 
represented, as in many Anura, by rather isolated laminae. In front it is medially 
connected with the ventro-lateral edge of the thickened, upturned tip of the 
trabecula. Farther back the solum nasi is connected to a band of procartilaginous 
cells (lateral marginal cartilage) extending along the free ventral edge of the 
trabecular horn and up its outer side. The trabecular horns are entirely medial 
to the nasal capsules. They are also anterior and medial to the choanae but 
posterior to the external nasal apertures. Behind the trabecular horns the 
solum nasi on each side again meets the trabecula, though it becomes much 
reduced in the region of the cupola posterior. 

- The nasal capsules are ventro-laterally placed in relationship to the cranial 
cavity. There is thus an extensive cavum internasale situated anteriorly below 
the floor of the cranial cavity. Also, the nasal capsules have separate dorso-medial 
walls, which are also the ventro-lateral walls of the cranial cavity. Even in the 
adult, where the cranial cavity retains an ethmoidal region, the nasal capsules 
are posteriorly separated from one another in this way, although anteriorly an 
extensive thickening of the internasal septum produces a broad plate between them. 

The foramina olfactoria are rather anteriorly placed in relationship to the 
developing nasal capsules and are situated approximately at the level of the 
external nasal apertures. Through them the olfactory nerves pass not forwards 
but directly outwards and downwards, branching immediately over the walls 
of the nasal sacs. The profundus branch of the trigeminal nerve passes down 
through the nasal capsule immediately in front of the olfactory nerve and its 
remaining fibres leave the nasal capsule by way of the foramen apicale (foramen 
nasobasale) below. This latter foramen pierces the capsule between the trabecula 
and the solum nasi. 

The single choanal sac (preoral buccal cavity) has become more extensive and 
appears anteriorly between the trabecular horns. Posteriorly the sac extends 
laterally more than the horns, which themselves lie in front of the level at which 
the sac opens into the buccal cavity. 


Stage 3. 


This stage of development refers particularly to the condition at the end: of the 
first week of post-hatching life. However, changes in the ethmoidal region are 
proceeding rapidly and certain advances on the condition in the late intracapsular 
embryo may be observed in more recently hatched specimens. Within a day or 
so of hatching, the rudiment of the median prenasal cartilage appears anteriorly. 
This process is distinguished as a blunt projection of procartilaginous cells from 
the developing internasal septum. It extends downwards and forwards in the 
middle line and in front of the now more backwardly directed trabecular horns. 
A slight thickening of the procartilaginous cells of the outer edge of the solum nasi 
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in its anterior region indicates the initial differentiation of the cartilago alaris 
and the cartilago prenasalis superior. Immediately behind the fenestra narina, 
procartilaginous cells extend around the capsule and laterally mark the beginnings 
of the planum terminale at a level where the tectum nasi and solum nasi are soon 
to become fused. 

By the end of the first week after hatching, chondrification of the parts of the 
nasal capsule is well advanced. The trabecular horns become more widely 
separated by a process of erosion of old cartilage on the inner side and 
chondrification on the outer side of lateral marginal cartilage that is also in 
continuity with the base of the solum nasi. Thus, at its base the root of the 
trabecular horn becomes more closely associated with the solum nasi and 
gradually assumes a position more comparable to that of the cartilago prenasalis 
inferior of Rana. The trabecular horns of Leiopelma archeyt, however, are 
tollowed in their development week by week. Although their position changes 
slightly during later development by their being tilted upwards and forwards 
in order to support the premaxillae of the adult, and although a certain amount 
of cartilage erosion and replacement takes place at their base, they persist from 
their very early appearance, before the formation of the nasal capsules in the 
intracapsular embryo, to the adult frog. They are not more or less completely 
destroyed by erosion and replaced by inferior prenasal cartilages, as apparently 
happens to the trabecular horns of Rana at metamorphosis. 

Not only are the trabecular horns directed sharply downwards, as in previous 
stages, but now also backwards, so that their free ends project back below the 
choanal sac. It is significant that these ends consist of original cartilage and 
show no evidence of the slow process of cartilage erosion and replacement 
that is taking place at the root of each horn. 

Although the cartilage of the internasal septum has thickened anteriorly, the 
nasal capsules still have separate dorso-medial walls along their entire length, 
consisting of pila ethmoidalis and trabecula in front of the foramen olfactorium, 
and trabecula and orbital cartilage behind this foramen. 

As the tectum nasi approaches the solum nasi behind the fenestra narina, its 
free edge thickens to form a planum terminale. This latter becomes detached 
from the tectum and fuses with the solum, thus closing the fenestra narina from 
behind. Just before the planum terminale joins the solum nasi, a free lateral edge 
of the latter turns sharply upwards and back on itself in a region where shortly 
the laminae inferior and superior of the crista intermedia will be formed. 
A cartilago obliqua is not differentiated in Leiopelma. 

Although the fenestra basalis is not closed posteriorly, a cartilaginous projection 
extending back laterally to it marks the beginnings of the processus lingularis, 
which is well developed in the adult. 

Medially the solum nasi is greatly reduced at the choana to a slight ledge 
attached to the trabecular cartilage. This ledge curves upwards and fuses with the 
root of the tectum nasi at a point well behind the foramen orbitonasale. Thus, 
as in previous stages, the tectum and solum nasi are continuous both anteriorly 
(cupola anterior) and posteriorly (cupola posterior). The lamina orbitonasalis 
has now become very thick in the region of the choana and a dorsal groove along 
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its line of union with the orbital cartilage serves for the forward transmission 
of the profundus branch of the trigeminal nerve. 


Stage 4. 


Two weeks after hatching, the medial prenasal process, though still small, is 
well chondrified and projects downwards in the middle line from the front end of 
the chondrocranium. Superior prenasal cartilages have increased in size and 
project ventrally and obliquely inwards from the front end of the nasal capsule 
on each side. The cartilago alaris is now a well-defined sheet of cartilage extending 
up laterally from the point of junction of the solum nasi and the superior prenasal 
cartilage. The broad internasal septum extends farther back than previously, 
and the ventral foramen apicale (foramen nasobasale) lies at a more anterior 
level than the foramen olfactorium of its side. 

More posteriorly the process of inturning and differentiation of the solum nasi 
has continued, so that the solum nasi is roughly S-shaped in transverse section. 
The cavum inferius is now largely enclosed by cartilage, though not completely 
so, since the more medial crista intermedia is not yet formed. The lamina inferior 
of the crista intermedia is continuous laterally with the solum nasi, from which 
it is derived, and thus the cavum inferius is laterally encircled with cartilage. 
More dorsally the lamina superior, which is merely an upwardly projecting shelf 
of cartilage from the inner edge of the lamina inferior, only partially covers the 
cavum medium from above and on its medial side. The differentiation of the 
lamina inferior and lamina superior in Levopelma by a process of upturning and 
folding of the solum nasi, with the subsequent formation of a crista intermedia, 
is an interesting feature of development at this stage. C. A. du Toit (1938) reported 
that in Arthroleptides dutoiti Loveridge the crista intermedia is absent, but there 
are structures comparable with the lamina superior and lamina inferior of other 
forms. If the development of the laminae superior and inferior in Arthroleptides 
is similar to that of Leiopelma, then the absence of the crista intermedia may more 
readily be understood. 

Laterally the tectum nasi approaches the solum nasi and its outer edge thickens 
as it passes back. This thickened portion, the planum terminale, fuses with the 
solum and thus closes the fenestra narina from behind. Shortly behind this the 
fenestra basalis (fenestra endochoanalis) appears, and it is thus laterally bordered 
by cartilage, the lower part of which is derived from the solum nasi and the upper 
portion from the tectum nasi (planum terminale). The latter component 
disappears, but cartilage derived from the solum continues back as a processus 
lingularis for some distance beyond the choana and at a level that is below and 
at the side of the mouth. In its derivation from the cartilage of the original solum 
nasi and its relationship to the choana and mouth, this processus lingularis may 
be compared to the lamina ectochoanalis (Jarvik, 1942) and Seydel’s palatal 
process (an extension of the lamina ectochoanalis) in Urodeles. 


Stage 5. (Fig. 11A, B and C.) 


At this stage, three weeks after hatching, which is the latest to be described, 
the structures of the ethmoidal region of the chondrocranium very closely approach. 
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the adult condition. By this time the cranial cavity anteriorly is no longer a 
shallow cavity above the level of which the brain projects for a considerable 
distance. Instead, the anterior part of the brain lies below the dorsal level of the 
internasal septum, which now not only extends between the widely separated 
nasal capsules anteriorly as a solid block of cartilage, but also forms the thick 
front wall of the cranial cavity. 

The median prenasal process is further developed and projects first forwards 
and then downwards from the front of the chondrocranium. The trabecular 
horns are strongly developed rods and bend forwards and downwards, one on each 
side of the median prenasal process. More laterally still, the superior prenasal 
cartilages project inwards and downwards on each side. On either side of the 
median prenasal process, the internasal septum is perforated by a foramen frontale 
for the passage of the external branch of the profundus nerve. 

The cupola anterior remains rather thin, but is complete, as also is the entire 
tectum nasi. Although the completeness of the roof of the nasal capsule varies 
somewhat in the adult frog, a fenestra dorso-lateralis has not been observed in 
any developmental stage. 

In its development in subsequent weeks the internasal septum extends back- 
wards, but the nasal capsules continue to have separate medial walls in their more 
posterior region. Even in the adult frog, there is a distinct ethmoidal region of 
the cranial cavity (E. M. Stephenson, 1948-49). 

Fusion of the tectum and solum nasi at the cupola posterior and the further 
development of the lamina orbitonasalis produces a thick vertical wall of 
cartilage separating the nasal capsule from the orbit. This wall of cartilage is 
traversed by a long tunnel for the passage of the profundus nerve. 

The cavum inferius is now completely enclosed in cartilage by the development 
of the crista intermedia ; its roof consists medially of crista intermedia and more 
laterally of lamina inferior. The lamina superior remains as an incomplete shelf 
inclined over the cavum medium as a roof and is free laterally. 

The outer edge of the tectum nasi thickens as it passes back and forms the 
planum terminale which fuses with the lamina inferior. For a short distance 
behind the fenestra narina the nasal capsule thus presents a complete cartilaginous 
ring or zona annularis in transverse section. The processus lingularis extends 
back above the recessus lateralis, and it is mainly an extension of the now well- 
formed lamina inferior. The process lies laterally to the choana and not below 
it as in the previous stage. 

A most unusual feature at this stage is the differentiation and great development 
of the crista subnasalis with its extended anterior and posterior processes. The 
crista subnasalis is ventral to the nasal capsule in general, and is, attached by 
cartilage to the solum nasi, laterally to the fenestra basalis. The anterior processes 
of the cristae subnasales closely approach one another and also the ends of the 
trabecular horns in front. There is uncertainty, however, as to whether they are 
ever medially connected either with one another or with the trabecular horns in 
the course of their development. Both the ends of the trabecular horns and the 
anterior processes of the cristae subnasales now support the rudiments of the 
premaxillae. 
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Contour reconstructions of nasal capsules, three weeks after hatching ; anterior views. A, entire 
anterior region of chondrocranium ; B, nasal capsules in section ; C, nasal capsules in section, 
posteriorly to B; cps, cartilago prenasalis superior ; crc, cranial cavity ; crs, crista subnasalis ; 
ct, cornu trabeculae ; fa, foramen apicale (foramen nasobasale) ; fch, fenestra choanalis ; 
ifr, foramen frontale ; fn, fenestra narina ; fol, foramen olfactorium ; forn, foramen orbitonasale ; 
li, lamina inferior ; lon, lamina orbitonasalis ; 7s, lamina superior ; Mc, Meckel’s cartilage ; 
pln, processus lingularis ; plt, planum terminale : pnp, processus prenasale ; sn, septum nasi ; 


son, solum nasi ; tns, tectum nasi. 
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Visceral arch skeleton. 

Post-hatching development of the hyoid plate. 

As has been shown in the intracapsular stages, the hyobranchial skeleton 
develops as a continuous structure, and in its subsequent chrondrification no 
separation into discrete elements or pieces occurs. The more important features 
of the hyobranchial skeleton of the intracapsular embryo include the occurrence 
of a ventral keel and urobranchial prongs, the presence of five pairs of 
ceratobranchials and the absence of terminal commissures (fig. 12.A). 

Three contour reconstructions (fig. 12B, C and D), at the time of hatching and 
at the ends of the second and third weeks, respectively, illustrate the changes 
involved in the formation of the adult hyoid plate. Associated with this latter 
structure a single membrane bone, the parahyoid bone, is developed in the adult 
and is closely applied to the ventral. side of the plate. Such a parahyoid occurs in 
a number of anurans, apart from Leiopelma, including such genera as Ascaphus, 
Discoglossus, Alytes and Bombina. 

In the intracapsular embryo the ceratohyal abuts against the processus hyoideus 
of the quadrate at a low level. By the end of the first week after hatching (fig. 8), 
the processus hyoideus and the dorsal end of the ceratohyal reach a much higher 
level in relationship to the quadrate body. Throughout its development the 
lower end of the hyobasal process also meets the quadrate near this point. That is, 
the lower end of the hyobasal process is placed in close relationship to the 
chondrified upper end of the ceratohyal. During the third week of post-hatching 
development, however, the ceratohyals reach to an even higher level and 
ultimately there is established the adult condition in which they are fused to the 
otohyoid ledge, which is immediately below the floor of the auditory capsule. 

During the post-hatching period the ventral keel of the hyoid plate is lost. 
Alary processes of the hyoid plate, which have been noted in the adults of 
L. hochstetteri but not in L. archeyi, are not evident in any developmental stage 
of the latter species. 

The thyroid processes of the adult hyoid plate appear to be formed by 
postero-lateral elongation of the hypobranchial plates, each plate carrying out 
with it the second, third and fourth ceratobranchials, which all show signs of 
reduction as from about the time of hatching. By the end of the second week 
after hatching, only the first ceratobranchial on each side remains distinct. The 
subsequent reduction of this ceratobranchial leaves only a _ process, the 
postero-lateral process, in this region. Ridewood (1897) found that the processus 
postero-lateralis of Pelodytes was a persistent proximal portion of the first 
ceratobranchial. In the following year, however, he stated that in Alytes 
obstetricans the postero-lateral process of the adult hyoid cannot be identified 
with the base of the first ceratobranchial, as it can in Pelodytes, but that both 
the antero-lateral and postero-lateral processes are new formations, as in Rana. 


The otic and muscular processes of the anuran quadrate. 

Gaupp considered the whole muscular process of the quadrate to be a special 
feature of the Anura. In deciding which of the two otic processes (larval and 
adult) is the homologue of the single otic process of other animals, he concluded 
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Contour reconstructions of hyobranchial skeleton, anterior views. A, late intracapsular embryo ; 
B, at the time of hacthing; C, two weeks after hatching ; D, three weeks after hatching. 
bhbc, basihyobranchial copula ; cb 1-5, ceratobranchials 1-5 ; ch, ceratohyal ; hpl, hyoid plate ; 


plp, postero-lateral process of hyoid plate ; thp, thyroid process of hyoid plate ; «, urobranchial 
keel ; wp, urobranchial prong. 
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that the second fusion of the quadrate with the auditory capsule, viz. the adult 
otic process, was the homologue of the otic process of Urodela, the tadpole otic 
process thus being a larval specialization confined only to the Anura. 

Pusey (1938) expressed the opinion that the tadpole muscular process is a 
specialization of the upper part of the adult otic process—a specialization peculiar 
only to the Anura—which gives increased muscular attachment and which is 
destroyed in the adult. He regarded the whole border of the quadrate bar, from 
the edge of the auditory capsule to the anterior edge of the muscular process, as a 
single, very much stretched, otic process. He considered the tadpole otic process 
to be the original connection of this process with the auditory capsule, although 
he noted that Alytes (Kruijtzer, 1931) and Discoglossus, both primitive frogs, are 
without a tadpole otic process. 

Pusey (1943) found that in Ascaphus there is no specialized and sharply upraised 
muscular process which, in modern-type frogs, is such a characteristic of the 
larval palatoquadrate. None the less, he recognized an incipient one and 
confirmed his previous view that the muscular process is made by a modification 
of the front border of the elongated ancestral otic process. 

Before considering the position in Letopelma archeyi, one must note that a larval 
otic process is by no means invariably present in Anura. It is absent in Rana 
curticeps and in Bufo (Ramaswami, 1940), also in Alytes (Peeters, 1910 ; van Seters, 
1922; Kruijtzer, 1931), Discoglossus (Pusey, 1938), Megalophrys (Kruijtzer, 1931, 
except one case) and in Polypedates (Okutomi, 1937). 

In Leiopelma, however, ‘larval’ and ‘adult’ otic processes are continuous 
and identical. The otic process of the quadrate retains an unbroken connection 
with the auditory capsule throughout development, from the early intracapsular 
embryo to the adult. Furthermore, there is no muscular process of the quadrate 
(for the attachment of the Mm. orbitohyoideus et suspensorio-angularis of anuran 
tadpoles), cartilage of which forms the adult otic process in Rana (Pusey, 1938). 

In Ascaphus (Pusey, 1943), as in certain other anurans with a more or less 
obliquely placed quadrate body, the Mm. levatores mandibulae lie above the 
level of the quadrate and along the side of the auditory capsule. In Leiopelma 
the levatores mandibulae are well-developed muscles, lying medially to the otic 
process and in front of the less obliquely placed quadrate body. In the 
intracapsular embryo the levator mandibulae anterior takes its origin from the 
processus ascendens. The levatores mandibulae therefore do not lie dorso-laterally 
to the auditory capsule, neither does any vein from them bear a critical relationship 
to the otic process as is the case in Ascaphus, where Pusey has used such a vein 
as a criterion in determining the larval otic process. 

If one examines PI. I, fig. 4, two muscles will be seen below the auditory capsule. 
The more lateral muscle extends from the auditory capsule to the ceratohyal and 
is the M. levator hyoidei. The more medial muscle passes from the auditory 
capsule to the post-articular region of Meckel’s cartilage and is the M. depressor 
mandibulae. In Anura the M. depressor mandibulae is typically not formed 
until metamorphosis and its occurrence in the intracapsular embryo of Leiopelma 
is comparable to the condition pertaining in larvae of Urodela and Apoda. Thus 
the specialized jaw musculature of the free-living anuran tadpole (Edgeworth, 
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1935, p. 105) is lacking in Leiopelma, as also the muscular process of the quadrate 
for the attachment of such muscles. 

In connection with the otic process of the quadrate, reference may be made 
here to the ‘ crista parotica’ of the adult auditory capsule. This structure is of 
late formation and even some weeks after hatching is but poorly developed. 
A lateral reconstruction (fig. 8) at the one week after hatching-stage shows that the 
otic process, in fusing with the auditory capsule to a greater extent, turns 
backward and begins to form a ridge along the side of the capsule in the region 
of the lateral semicircular canal. Such evidence as is available of the development 
of the crista parotica in Leiopelma indicates that it is a ridge formed by this 
backward extension of the otic process in the post-hatching period of development. | 


III. CoMpaRATIVE SECTION. 


Earlier research on the basal connection of the quadrate to the neurocranium in 
Leiopelma and Ascaphus. 

In his studies on the cranial anatomy of Ascaphus truei, De Villiers (1934) 
noted that Ascaphus agreed with Urodela and Gymnophiona in having a facial 
foramen separate from the foramen prooticum. In close proximity to the facial 
foramen he observed a ventral ledge of cartilage of the auditory capsule which 
supported the processus basalis palatoquadrati. 

Wagner (1934) described a separate facial foramen in Leiopelma and a ledge 
of cartilage ventro-lateral to the auditory capsule. In comparing this ledge with 
that of Ascaphus, she noted that whereas the ledge of Ascaphus had a lateral hook 
supporting the tip of the hyale, the hyale of Leiopelma was fused to the ledge. 

Pusey (1938) interpreted de Villiers’ results, which were supplemented for him 
by two drawings supplied by Miss de Vos of Stellenbosch. He regarded the ledge 
of cartilage as an outgrowth of the basal plate to form the acting floor of the 
auditory capsule, the true cartilaginous floor being missing. That part of the ledge 
lying in front of the palatine branch of the facial nerve he regarded as a 
basitrabecular process, despite the absence of embryological evidence as to how 
the ledge was formed, and the part of the ledge lying behind the palatine nerve he 
identified as a lateral commissure (posi-palatine commissure, 1943). He also 
prepared reconstructions from Wagner’s published drawings of Leiopelma, 
observing that the similar ledge was here morphologically posterior to the facial 
ganglion. In comparison with Ascaphus, he postulated a condition in Leiopelma 
where the basitrabecular process (the portion in front of the palatine nerve) is 
lost or the root suppressed (to account for the more lateral position of the ledge 
in Leiopelma) and a post-palatine commissure retained. 

Regarding these conclusions one must first note that the facial nerve of Leiopelma 
leaves the cranial cavity directly by its own foramen to the subcranial space 
below. It thus does not share the foramen acusticum anterius with the ramus 
acusticus anterior, as in Ascaphus, and it does not traverse the apparent capsular 
cavity. Hence the cartilaginous floor of the auditory capsule is complete and 
there is no need to postulate an outgrowth of the basal plate to form an effective 
floor of the auditory capsule. Nevertheless, the ledge of cartilage is present, below 
the true cartilaginous floor of the auditory capsule. Secondly, the cartilaginous 
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ledge in Leiopelma is almost invariably fused to the auditory capsule in front and 
behind so as to form a canal and enclose the ramus hyomandibularis VII, although 
the extent of the canal varies with the species. In the absence of a medial 
connection, however, the ganglion geniculatum is unenclosed and no foramen is 
required for the ramus palatinus VII. 

In 1943 Pusey, from a developmental study of Ascaphus, upheld his earlier 
views concerning the existence of a basitrabecular process, but it should be noted 
that early stages in the development of the chondrocranium in this genus have 
never been studied. The specimen upon which Pusey largely based his 
confirmation of previous views was a “ well-formed larva with all its structures 
completely laid down. Very little young cartilage is present in the sections ”’. 

The true nature of the basal or pseudobasal process of the amphibian quadrate 
has been uncertain for some time. Gaupp (1904) found it hard to believe, from 
a study of its origin in Rana, that the pseudobasal process belonged to the quadrate, 
and stated that it seemed rather to belong to the lateral anterior face of the 
auditory capsule in front of the foramen ovale. According to Stadtmiiller (1924) 
the basal process of Salamandra maculosa completely fuses with the larval skull 
at first and then separates from it again by the ingrowth of connective tissue. 
This secondary segmentation occurs a little lateral to the point of origin, so that 
a portion of the primitive processus basalis is left fused to the capsule and forms 
the base of the facialis canal through which the facial nerve emerges. (Stadtmiiller’s 
observations may well be compared with those on the development of the otohyoid 
ledge and hyobasal process in Leiopelma.) De Beer (1926) showed that the 
relations of the palatine nerve to the so-called basal process in Anura had been 
neglected and that this structure was not a true basal connection but an 
attachment to the neurocranium involving a post-palatine commissure, and for 
which the term pseudobasal was more appropriate. 

Pusey (1938) assumed that the pseudobasal process of the modern-type adult 
frog is the outer end of the basitrabecular process from the basal plate which has 
become separated from the cranial floor by the destruction of its root and 
secondarily fused to the quadrate. His view is essentially that in phylogeny the 
root of the basitrabecular process is suppressed in the modern-type frogs, though 
not yet in Ascaphus, and that as the basitrabecular process became more and more 
reduced in development, only its outer end remained as a pseudobasal process. 
He also (1948) described the initial fusion of the basal process and basitrabecular 
process in the development of Ascaphus. Their separation in the adult (de Villiers, 
1934) means that a secondary joint is formed, presumably at metamorphosis. 

Kruijtzer (1931) described the independent origin of the pseudobasal process in 
Megalophrys and Alytes and its secondary fusion to the quadrate but, differing 
from Pusey, he regarded it as being of hyoid origin. 

Further evidence on the relationships of the pseudobasal process in Anura 
has been provided by South African zoologists. De Villiers (1930), referring to the 
metamorphosed toadlet of Phrynomerus bifasciatus, commented on the apparently 
autochthonous origin of the processus basalis, a feature which was also remarked 
upon by Gaupp. In Phrynomerus, too, the cartilage of the processus basalis is 
histologically quite distinct from that of the pars quadrata or of the otic capsule. 
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Of much morphological interest is the fact that the hyale in this genus is not 
fused to the otic capsule proper but to the processus basalis. De Villiers. 
considered that it is just possible that the processus basalis is a hyoid derivative. 
According to McLachlan (1943), synchondrotic hyoquadrate union has sub- 
sequently been found to occur in the adults of Brachycephalus, Atelopus and 
Microbatrachella (de Villiers, 1934). McLachlan stated that in these cases. 
synchondrotic union of the cornu hyale with the pseudobasal process has an 
important bearing on the much discussed problem of the homology of the Gauppian 
processus basalis palatoquadrati. 

On the other hand, in Alytes (Kruijtzer, 1931), after metamorphosis, the hyoid 
cornu establishes a well-formed joint with the plectrum. 

The relationships between the cornu hyale, pseudobasal process ‘and plectrum 
in these examples are important for, in the descriptive section of this paper 
(p. 226), evidence of the hyoid origin of the hyobasal (basal or pseudobasal) process. 
of Leiopelma has been given. 


The middle ear—a discussion. 


The middle ear in Levopelma and Ascaphus was first described by Wagner (1934). 
and de Villiers (1934), respectively. In both these primitive genera, there is 
neither tympanum, nor annulus tympanicus, nor Eustachian tube, nor columella 
auris. ‘There is, furthermore, no ‘fenestra rotunda’. Middle-ear structures in 
both genera are represented solely by a large operculum fitting into the fenestra 
ovalis and attached to the supra-scapula by the M. levator scapulae superior — 
(M. opercularis, Gaupp). 

Noble (1931) said that the condition in Ascaphus would seem to be Eeceliied 
with a mountain-brook life where acoustic conditions are obviously bad, and he 
also noted that Ascaphus is apparently voiceless. (Although presumably unknown 
to Noble, this is also the case in Leiopelma, except that on rare occasions a shrill 
alarm cry, probably produced by sudden expulsion of air from the lungs, may be 
emitted.) 

De Villiers (1934) questioned Noble’s statements and quoted Heleophryne, 
which he regarded as perfectly adapted to mountain-brook life and which has a 
complete auditory apparatus similar to that of Rana. He discussed the auditory 
apparatus of Levopelma and Ascaphus and concluded that the auditory apparatus 
of Ascaphus and Leiopelma cannot be considered primitive, and that if the genera 
are to retain the taxonomic position assigned to them by Noble, they do so in 
spite of the anatomy of the auditory region. 

Concerning the sound-transmitting apparatus of Amphibia generally and of 
Urodela particularly, much important work was carried out by Kingsbury and Reed 
(1909) and Reed (1920). However, Dunn (1922), who examined a large series of 


_ Hynobius leechi from Korea, stated that the otic apparatus of this urodele is 


different from any seen by Kingsbury and Reed (1909), who were unable to. 
examine any of the Asiatic forms related to Hynobius, and that he was compelled 
to regard it as primitive. Both columella and operculum are present as free and 
distinct elements ; both are readily movable ; and there is a M. opercularis. Dunn 
further stated that Rhyacotriton olympicus, which was not examined by Kingsbury 
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and Reed, also possesses both columella and operculum. According to Francis 
(1934), either one or the other mechanism alone is present in all higher Urodela. 
In aquatic forms, both larvae and adults, it is supposed that the auditory stimuli 
reach the ear from the external medium—water—by way of the jaws, suspensorium, 
‘columella and fenestra. Such forms, particularly when adult, are much given to 
resting the whole body, including the jaws, on the bottom. The lower jaw is thus 
in a favourable position for receiving such vibrations directly from the ground. 
In terrestrial forms, e.g. Salamandra, the head is apparently always kept well 
clear of the ground and the auditory stimulus passes by way of the fore limbs to the 
scapula and supra-scapula and thence to the operculum via the M. opercularis. 
Such is also the mechanism in Leiopelma and Ascaphus and the opercularization 
of the M. levator scapulae superior to an' equivalent or less degree may occur in 
other Anura. Even in Rana, a part of this muscle is attached to the operculum. 

With regard to the evolution of the middle ear, palaeontological evidence refers 
only to a mechanism more complex than that occurring in urodeles and primitive 
amphicoelous frogs and one which involves a tympanic membrane comparable | 
to that of higher frogs.. Palaeontological evidence therefore does not support 
any view other than that Amphibia lacking an auditory mechanism comparable 
to that of higher frogs have lost such structures in the course of evolution. Such a: 
viewpoint has usually been assumed and clearly implied by many previous 
writers, although an increasing number of inexplicable morphological and 
embryological facts arise from its unreserved acceptance. 

The region where a fenestra ovalis would be expected is only known in two 
Embolomeri and in each case there is complete evidence to show that no such 
opening occurs (Watson, 1926). However, in one embolomerous form a stapes is 
present and stretches upward and outward until it ends in the otic notch, flush 
with the general surface of the head. Its occurrence led Watson to the conclusion 
that a tympanic membrane had already been developed and that the sense of 
hearing was already in existence. He said, further, that the occurrence of a 
tympanic membrane connected to the otic region by a stapes in embolomerous 
forms, which possess no fenestra ovalis, is an astonishing fact, perhaps most readily 
understood if it originally took place in water, where the amount of energy which 
can be conveyed by sound waves of reasonable amplitude is greater than in air. 

Recently Westoll (1948—personal communication) has considered a group of 
interrelated problems regarding the evolution of the middle ear, while Romer 
(1947), in a review of the Labyrinthodontia, concludes that the problem of 
evolution of stapedial form (associated intimately with that of evolution and 
position of the tympanum) is far from being solved. 

Tumarkin (1948) strongly criticized the ‘ orthodox theory’ which ascribes to 
the Anura a tympanic membrane directly derived from the Stegocephalia and 
distinguished three types of mechanism for the mechanical conduction of auditory 
stimuli in Amphibia. He claimed that by the time the Anura came to add 
a vestibulo-tympanic mechanism to their vestibulo-scapula mechanism, the 
hyomandibula had disappeared and they were reduced to evolving a columella 
out of a piece of the auditory capsule, just as they had evolved the opercular 
cartilage. He quoted Gaupp (1898) and Villy (1890) in support of this contention. 
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But the development of Lezopelma, indicating a hyoid origin for the otohyoid ledge 
and hyobasal process, does not support these views of the disappearance of the 
hyomandibula in Anura. 

Studies on the head of the Ascaphus tadpole (Pusey, 1943) and of the Leiopelma 


embryo further elucidate the condition found in the adults. Pusey detected no 


trace of a columellar system in the mountain-brook tadpole of Ascaphus, neither 
has any trace of such a system been seen at any stage in the development of 
Leiopelma. On the contrary, the operculum of Leiopelma develops in the 
intracapsular embryo and is well formed by the time hatching occurs. Shortly 
after hatching, the muscular attachment with the supra-scapula is effected. 
No operculum had yet formed in the tadpole of Ascaphus examined by Pusey, but 
presumably the operculum, which is well developed in the adult of this genus. 
(de Villiers, 1934), forms at metamorphosis. 

The absence of a columella system has been noted in other frogs. . McLachlan 
(1943) observed that the tympanic membrane, annulus tympanicus, Eustachian 
tubes and plectral apparatus are absent in Brachycephalus ephippium, as they are 
in Lewpelma, Ascaphus, Bombina and Hemisus.. De Villiers (1931) examined 
adult and immature specimens of Hemisus in which middle-ear structures are 
absent and remarked that ontogeny afforded no proof of this being a secondary 
condition. He noted that he knew of no Anuran with ‘ degenerate’ auditory 
apparatus recapitulating the more complex condition. 

In all Urodela the complete absence of tympanum and tympanic cavity and the 
constant absence of Eustachian tubes in the adults, although spiracular pouches. 
are present in the larvae, are important factors in the consideration of this problem. 
In Leiopelma archeyi visceral clefts still open to the exterior at the time of 
hatching, and a simple tube on each side (not opening to the exterior) is to be 
regarded as equivalent to the spiracular pouch—the primordium of the 
Eustachian tube of higher Anura (PI. ITI, fig. 11). As apparently is also the case 
in Bombinator (Stadtmiiller, 1931), this tube does not persist and expand to form 
a cavum tympani but quickly disappears, as do the visceral clefts, within a week 
or so of hatching. : 

A further point referable to the auditory mechanism is seen in relationship to. 
the inner ear. Wagner (1934), who studied the structure of the inner ear in the 
adult Leiopelma, was led to the conclusion that the ‘reduction’ of the middle 
ear and associated structures had called forth no parallel degeneration of the inner 
ear, but there is an important undescribed feature in which the inner ear of 
Leiopelma presents a striking difference from the Ranid condition. In Leiopelma 
the medial wall of the auditory capsule is fused to the basal plate behind the 
foramina perilymphatica superius and inferius and this fusion continues back 
for some distance before the foramen jugulare is reached. There is thus no deep 
fissura metotica as in Rana. In the latter genus the anterior region of the fissure 
also forms the apertura lateralis of the recessus scalae tympani (the so-called 
‘fenestra rotunda’) over which the secondary tympanic membrane is stretched. 
In Leiopelma, in the absence of such a fissure extending forwards to the level 
of the foramina perilymphatica, there is nothing to correspond to the recessus 
scalae tympani and its two apertures, the apertura medialis and apertura lateralis, 
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as in Rana. Thus, in the region of the foramina perilymphatica, which open 
directly from the cranial cavity to the auditory capsule, there is no opening to 
the subcranial space below to provide a pressure-compensating mechanism. 
This condition, found in Leiopelma, apparently also occurs in Ascaphus and in 
Urodela. 


Theory regarding the basal connection between the quadrate and the neurocranium in 
Amphibia. 

1. The basal or pseudobasal process of Amphibia is of hyoid origin. This view 
was expressed by Kruijtzer (1931), who further considered it to represent the 
pharyngohyal. The fact that the hyobasal process in Leiopelma is formed below 
the otohyoid ledge indicates that it is not a pharyngohyal extremity | but rather 
a lower portion of the stapes. 

2. It is suggested that there is no true basitrabecular process in Amphibia. 
The so-called basitrabecular process and post-palatine commissure of Ascaphus 
(Pusey) together constitute a ledge of cartilage (de Villiers) which is comparable 
to the otohyoid ledge of Leiopelma. This otohyoid ledge is the dorsal end of the 
hyoid arch which has become fused to the brain-case and articulated to the 
hyobasal (basal or pseudobasal) process by a secondarily formed joint. 

3. Since both the otohyoid ledge and hyobasal process are parts of the stapes, 
jaw suspension can no longer be regarded as autostylic in Amphibia possessing 
one or both of these structures, in that the stapes (—hyomandibula) is involved. 
On the other hand, jaw suspension is not strictly hyostylic, in that the quadrate 
has certain processes of its own. Suspension of the jaws under such circumstances 
provides a condition that is a combination of autostyly and hyostyly and for 
which the term paramphistyly is suggested. It is a condition combining autostylic 
relations of the quadrate with a suspensory function of the hyomandibula, the 
former being more anterior and involving fusions, the latter more posterior and | 
involving an articulation. 

4. In Amphibia, with the possible exception of such forms as Ichthyophis 
glutinosus (Apoda), the columella is thus not the entire stapes but either a part 
of it or developed from one of its processes. 

5. The stapes in Amphibia retains the hyomandibular function of jaw suspension, 
while a part or process of it may assume a secondary function, that of conducting 
impulses. 


Discussion of theory. 

In the development of Leiopelma archeyi it has been shown that the stapes 
is perforated in the region of the future hyobasal process. In the adult of the - 
Apodan, Ichthyophis glutinosus, the columella is pierced by the stapedial artery. 
In this case there is no basal process. In Siphonops and Hypogeophis, two other 
members of the Apoda, a basal process is present, but the columella auris is not 
perforated. These -facts indicate that even in different genera of the same 
amphibian order, the columella, either as part or whole of the original stapes, 
is variable. In most Amphibia the columella appears to have been derived from 
one of the several] processes of the original stapes or hyomandibula, and variability 
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here might well explain the different nerve relationships between Anuran and 
Urodelan columellae. Under such conditions, also, there is at present no 
justification for dismissing the possibility that a columella, as a part or process 
of the stapes, might well prove to be present in some forms, in addition to an 
otohyoid ledge and hyobasal process, which latter together seem to constitute 
the main body of the stapes. 

It is significant that in Ichthyophis glutinosus, which has no basal process, the 
distal end of the columella is articulated to the quadrate. Now, fossil Apoda 
and early fossil reptiles had a columella auris stretching from the fenestra ovalis 
to the quadrate. On the other hand, the stapes of the Stegocephalia (also 
Seymouriamorpha) is widely separated from the bony quadrate, a condition 
which indicates a loss of suspensorial function. But a suspensorial function is 
here claimed for the stapes of recent Amphibia, as represented by the hyobasal 
process and otohyoid ledge. Such a discrepancy between fossil and recent Amphibia 
is perhaps not as serious as it may seem, for although Watson (1926) has described 
the stapes of one embolomerous form as projecting outwards and ending in the 
otic notch, he has pointed out that in all the members of that group of Embolomeri 
which includes Loxomma, there is a curious pit on the quadrate, so placed that it 
faces towards the otic capsule, and that this must have housed some structure 
which, he considers, could only have been a cartilaginous process from the stapes, 
representing the lower part of the hyomandibula. 

The various sound-conducting mechanisms of Urodeles are often stated to be 
“degenerate*® and ‘secondary’. Although several different mechanisms of 
‘ hearing ’ are present in various aquatic and terrestrial Urodeles (Kingsbury and 
Reed, 1909), the absence of tympanic cavities and of Eustachian tubes, despite 
the appearance of spiracular pouches in development, is a constant feature of the 
group. Leropelma and Ascaphus have a sound-conducting mechanism similar to 
that of terrestrial Urodeles (and, like the latter, may well have lost a columellar 
process and an auditory mechanism of the aquatic urodelan type, if the possession 
of both aquatic and terrestrial mechanisms is primitive), and neither genus possesses 
Eustachian tubes and tympanic cavities in the adult. No adequate morphological 
reason can be found to justify the recognition of this mechanism as secondary 
in these two genera. Furthermore, there is no evidence forthcoming from the 
deyelopmental study of Leiopelma to suggest that this frog is derived from an 
ancestor possessing a more complex mechanism comparable to that of Rana. 
The viewpoint is here expressed that the absence, in Urodeles and in such 
primitive frogs as Leiopelma and Ascaphus, of certain middle-ear structures such 
as specialized Eustachian tubes and tympanic cavities may well represent a primary 
condition and not a secondary loss. 


Summary of developmental features of Leiopelma. 


1. Trabecular horns are elongated, downwardly directed structures which 
roughly parallel one another. They are never destroyed and their identity is 
preserved from early development to the adult condition, where they form 
cartilages comparable in position and function to the inferior prenasal cartilages 
of other frogs. 
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2. Suprarostral and infrarostral cartilages, characteristic of anuran tadpoles, 
are not developed. 

3. From an early stage of development, Leiopelma has a Someta pterygoid 
process of the quadrate which anteriorly fuses directly with. the trabecula. The 
later development of the lamina orbitonasalis obscures this primary connection, 
which is not actually destroyed. 

4, An ascending process of the quadrate is present in intracapsular stages and 
is perforated by a foramen for the mandibular branch of the trigeminal nerve. 

5. No muscular process of the quadrate is present, and the specialized jaw 
muscles of the anuran tadpole typically attached to such a process are not 
developed. 

6. An otic process of the quadrate is complete in intracapsular stages and 
effects an unbroken connection through to the adult stage. There is thus no 
larval otic process as distinct from adult otic process. 

7. The hyoid plate develops as a continuous, cartilaginous structure, with a 
distinct urobranchial keel and prongs. A fifth ceratobranchial is evident during 
development. Terminal commissures are absent. 

8. Nasal capsules are widely separated and, although a broad internasal septum 
is gradually developed, the cranial cavity, even in the adult, has an ethmoidal 
region. 

9. In the development of the nasal capsules it is found that the laminae inferior 
and superior are differentiated by a process of upturning and folding of the solum 
nasi, and that the crista intermedia is formed as a subsequent connection. 
A processus lingularis and a crista subnasalis are both very well developed. 

10. A ligamentum quadrato-ethmoidale, which is not found in any Urodele, 
and a trabecular-quadrate ligament, a special Anuran feature, are both absent in 
the embryo of Leiopelma. 

11. An epiphysial bar is developed in the intracapsular embryo and persists in 
the adult, separating anterior and posterior fontanelles. A tectum synoticum 
is also developed in the intracapsular embryo, but no taenia tecti medialis is ever 
formed. 

12. The foramen caroticum primarium preserves its identity in the adult. 

13. Three foramina acustica are developed. 

14. Parachordals are joined by cartilage below the notochord which forms a 
hypochordal commissure. 

15. The primary foramen perilymphaticum is subdivided into a foramen peri- 
lymphaticum superius and a foramen perilyphaticum inferius. No recessus scalae 
tympani is formed in this region and hence no aperturae lateralis and medialis. 
occur. The medial wall of the auditory capsule is complete behind the foramina 
perilymphatica, and there is thus nothing to correspond to the so-called ‘ fenestra 
rotunda’ in higher Anura. 

16. An operculum is formed in the intracapsular embryo and muscular 
attachment with the supra-scapula is effected shortly after hatching. No trace 
of a more complex auditory mechanism is found in development. . 

17. An occipital arch encloses from above the foramen jugulare. Through 
this foramen pass the ninth and tenth cranial nerves and the posterior cerebral 
vein, which is not lost but persists in the adult. 
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18. The facial nerve has a foramen separate from the prootic foramen, and a 
prefacial commissure, between the two foramina, is thus present. Furthermore, 
the facial foramen has no relationships with the auditory capsule. The palatine 
branch of the facial nerve arises subcranially from an unenclosed ganglion 
geniculatum and therefore has no foramen of its own. The hyomandibular branch 
of the facial nerve, passing out laterally from the unenclosed ganglion geniculatum, 
-is enclosed for a short distance, below the cartilaginous floor of the auditory 
capsule, in a hyomandibular canal. In its course beyond this canal the 
hyomandibular nerve always lies below the level of the fenestra ovalis and 
opercay 

19. The floor of the hyomandibular canal is formed by a ledge of cartilage, 
derived from the hyoid arch, for which the term otohyoid ledge is suggested. 
~ 20. The basal connection between the quadrate and the neurocranium is shown 
to be effected by cartilage of hyoid origin (below the otohyoid ledge) which forms 
a hyobasal process. 

In general, in its slow intracapsular and post-hatching development, Levopelma 
shows none of the extreme specializations characteristic of the anuran tadpoles ° 
(e.g. 2, 8, 9 and 19, above). The features of its direct development bear many 
striking resemblances to those of Urodeles in which a similar mode of development, 
either in water or on land, occurs. In conclusion it is suggested that direct 
development in Amphibia, though not without specializations, is a primary mode 
of development in the class and one from which the indirect development of Anura 
with a ‘ tadpole’ stage. and striking metamorphosis may be derived. 


\ 


IV. SumMMARY. 


_ A description, based on a microscopic study of one species, Leiopelma archeyi 
Turbott, attempts to provide the first detailed account of development in the 
New Zealand frog, Leiopelma. Previously only the general features of the 
intracapsular and post-hatching development of this frog were known. As far as 
possible, close comparison has been made with the developmental features of the 
North American genus, Ascaphus, the only other member of the same primitive 
Anuran family. 

The development of the chondrocranium and visceral arches of Leiopelma 
archeyt is followed through intracapsular and post-hatching stages. In the 
comparative section certain outstanding features of development are considered. 
An account of previous views on the nature of the basal connection of the quadrate 
to the neurocranium in Leiopelma and Ascaphus is given. Finally, a theory 
relative to the basal connection of the quadrate and the nature of the jaw 
suspension in Amphibia is suggested, and the absence of certain middle-ear 
structures in all Urodela and in both these primitive Anurans is discussed. 
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VI. DESCRIPTION OF THE PLATES. 


PLATE L 


Fig. 1. Transverse section of early intracapsular embryo. The trabeculae cranii 
are joined by a trabecular plate (unlabelled). Nasal capsules are not 
yet formed. (X51l.) 

Fig. 2. Transverse section. of early intracapsular embryo, at the level of the 
choanae. The direct fusion of the pterygoid process of the quadrate 
with the trabecula cranii of each side is illustrated. ( X51.) 

Fig. 3. Transverse section of early intracapsular embryo in the region of the 
future hyomandibular canal. At this stage the canal is not formed 
and the hyomandibular nerve is thus unenclosed. ( 51.) 

Fig. 4. Transverse section of late intracapsular embryo in the region of the’ 
hyomandibular canal. The otohyoid ledge and the canal, now both 
well formed, are shown on the left side. (X51.) 


PLATE II. 


Figs. 5, 6. Transverse sections of the region of the hyomandibular canal, at 
one week after hatching-stage. Figs. 1 and 2 represent right-and left 
sides of the same specimen and show the perforation of developing 
cartilage of the ‘stapes’ by the stapedial artery. (> 105.) 

Figs. 7, 8. Transverse sections of the region of the hyomandibular canal, at two 
weeks after hatching-stage. (x 94.) 


PLATE III. 


Fig. 9. Transverse section of the region of the hyomandibular canal, at two 
weeks after hatching-stage. Same specimen as in PI. II, fig. 8, but opposite 
side. ( x94.) 

Fig. 10. Transverse section of the region of the hyomandibular canal, at three 
weeks after hatching-stage. The otohyoid ledge, though still of young 
cartilage, is well fused to the auditory capsule. Similarly, the hyobasal 
process has now become a process of the quadrate. The secondary 
joint forming between these two structures is evident. ( x94.) 

Fig. 11. Transverse section of the region of the hyomandibular canal, at the time 
of hatching. At such a time the spiracular pouch is distinct, but it 
quickly disappears, as do the open visceral clefts. (> 105.) 

Fig. 12. Longitudinal section of intracapsular embryo, showing the mandibular 
branch of the trigeminal nerve about to perforate the ascending process 
at the foramen rotundum. (X175.) 
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PLATE Iv. 


Fig. 13. Longitudinal section of intracapsular embryo. (x 51.) 

Fig. 14. Median longitudinal section of chondrocranium and vertebral column,. 
one week after hatching-stage. ( X17.) 

Fig. 15. Longitudinal section of chondrocranium and vertebral column, one 
week after hatching-stage ; lateral to fig. 14. (x 17.) 


ABBREVIATIONS USED IN THE PLATES. 


aa, atlantal arch; ac, auditory capsule; brg, branchial groove; cbI, cerato- 
branchial I; ch, ceratohyal; cqgp, cranio-quadrate passage ; ct, cornu trabeculae ; 
epb, epiphysial bar; ff, facial foramen; fol, foramen olfactorium ; fér, trochlear 
foramen ; hbp, hyobasal process ; hmc, hyomandibular canal; hpl, hyoid plate ; 
ica, internal carotid artery ; img, intermaxillary gland; Mc, Meckel’s cartilage ; 
n, notochord ; na, cartilaginous neural arch ; nt, narial tube ; 0aj, occipito-atlantal 
joint; oc, orbital cartilage; oth, otohyoid ledge; pa, processus ascendens ; 
pbc, preoral buccal cavity; pot, otic process of quadrate; prh, processus 
hyoideus ; pte, pterygoid process of quadrate ; g, quadrate ; sa, stapedial artery ; 
sn, septum nasi; sp, spiracular pouch ; t, trabecula cranii; thg, thyroid gland ; 
ing. tongue; ts, tectum synoticum; w, urobranchial keel; vcl, vena capitis 
lateralis; y, yolk ;; Vmd, mandibular branch of trigeminal nerve ; Vmzx, maxillary 
branch of trigeminal nerve; VIIg, ganglion geniculatum ; VIIh, hyomandibular 
branch of facial nerve. 


i hp? eee ee eva | ee 

‘ F ’ . ue sg Me od = { Me / 

- bee P ne MEK ha eit am, 
Fy 4 a a . ‘ 


i ' ari ' 


. lors > tes 
2 es 


THE ANATOMY OF THE HEAD OF THE NEW ZEALAND FROG, LEIOPELMA. 255 


‘» 


The Anatomy of the Head of the New Zealand Frog, Leiopelma. By Etsiz M. 
STEPHENSON, Department of Zoology, University College, London. 


(With 20 figures in the text.) 


[Received June 9th, 1950.] 


CONTENTS. Page 


Bp Ly VOD Oat) Nae Sma te Iv ieis  o8a) sg c's yf s'sia.cso geip clone oie g vce becshecce¥adeeeses 255 
ee Ea Be a DEA ACME clas ain slap aves eco cdas acces cccsveestvWevebecviers 256 
REET eer On MUO iee pc ech vicla'e v/a rabies cascidedindecssocecutacereuesde 256 

CRY ae Me ne vices oe sch ees e sn cewgpace cs vccese ces segesesses 256 

COREE Reanim te I cpanel co Glee dates esc cish os cleus save ce sebeesecoesons 257 
(Ceri ee eC IOAN salen eis cn eels ccise ce tiers sceweves'oWeveewseeees 261 

(d) Ethmoidal region (including the nasal sac, glands and prechoanal sac).......... 262 

Vi gh V Beers re SERIO Nc cis pins dnc cs ws 2,5 o'n corse nels edie sds sud ccesene e's 273 
(coe eee ea Ee ots oye sv o's ko gas ries nce cle Palco cdeecaees ev noeeces 273 

(Dek A Oye Me UN RE Es cV GS <i 0s di aigic: vie lane o{ai5,a'5 opioid # s regionsie gi alelas cevecens 274 

Vo THe ON gts e ieee 0 aye eo ccscscasnehevtscotcveccstepouvecs 276 
(a ENN Gan ea Soin es one vot ana calle bcs scnsscecccdiayeccssede 276 

Cie aes ree Oe acres oie cag aeivavciens colt eee usc seed bu caen eves 278 

Vii. Tae: LOW ies wares. aces cere case veces renee ace depends Seles © cise 279 
UDR sk EMG a OEM NRTEO gee, ous wk ccc cc e's shes eccsecsacccssccetecseccens 279 
See ee oko I ean ei cc os bin see sice ces cia cle se sec ee esasedeessees 283 
ee Gl, Dire ee eee MPO RAWAD sy gas he's os clea ac cis cece sewsescgcelecvscboce 291 


X. Sprctric DIFFERENCES OBSERVED IN THE HEADS OF ‘LEIOPELMA ARCHEYI AND 


Oe ae Be Resa ta ee atin acne eins dia ca’ o cise cece incised a ceeccecccscees 295 

XI. Summary oF THE Known ADULT CRANIAL CHARACTERS OF LEIOPELMA AND ASCAPHUS .. 295 

Rie DunOesaION (OP MEIN EL UCI TAPPARATUS. 00,404 -.0' so. cn-ew cis ¢ owe vivedewececisenececs 298 
XIII. Discussion oN THE Basat CONNECTION BETWEEN THE QUADRATE AND THE 

NS Re ane a ot PST gees sown ce Sa se vn divine eee eae e's abe 3 one 298 

Spry MAA Be Sg ee sc. hig aie 4 ci seul pinqeie pie ewidee's eie,dalpieeibialee vib elawecsces 304 

XV oa EN Uanra  Sae n g ac cua v'cce'ct edn odneeuecevcwesss 304 


I. INTRODUCTION. 

Although anatomical studies on many of the higher anurans, and particularly 
on the genus Rana, have received considerable attention from various authors, 
the published information regarding the only two living amphicoelous frogs, 
Leiopelma and Ascaphus, contains a great number of gaps. It is as the result 
of an endeavour to supplement present knowledge concerning the highly important 
and primitive family, the Leiopelmatidae (Liopelmidae Noble, 1924), that the 
following account of the adult head of Leiopelma has been prepared. 

Leiopelma is the only amphibian endemic to New Zealand and at present is 
regarded as being monogeneric and comprising three species, L. hochstetteri, 
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L. hamiltoni and L. archeyi. All of these, because of their rarity and localized 
distribution, are now protected by law. In 1947 my husband (N. G. Stephenson) 
and I were given permission by the Department of Internal Affairs in New Zealand 
to collect 20 specimens of Leiopelma and to export them to London for use in re- 
search. For the purpose of the following description, several specimens of both 
the species L. hochstetteri and L. archeyi were used and it is felt that the time 
required for the preparation of this considerable amount of material has been more 
than compensated for by the elimination of errors due to individual variation which 
would certainly have been present had a single specimen been studied. The 
recognition of a relatively large number of specific differences has also been 
facilitated by this procedure. It now seems clear that the specimens used by 
“Wagner (1934 a and b) in her description of some of the cranial characters and the 
inner ear of Leiopelma and by Trewavas (1933) in her discussion of the hyoid 
apparatus, belonged to the most recently recognized species, L. archeyi Turbott 
(1942), and not, as previously thought, to L. hochstetterv. 

The following description, in greater detail and with further illustrations, formed 
part of a thesis prepared at University College, London, for the degree of Ph.D. 
To my supervisor, Professor D. M. 8. Watson, F.R.S., I wish to express my deepest 
thanks for his unfailing help and advice. 


II. PREPARATION OF. MATERIAL. 


Six heads were serially sectioned, transversely or longitudinally, at 10, 15 or 
20 microns. The youngest specimen, one of L. archeyi, had been fixed at four 
weeks after hatching, while all the rest were a year or more old. For fixation of 
the older heads, Witmaark’s fluid, with an additional injection of it through the 
heart, gave good results. Decalcification in 1-3 per cent. nitric acid in distilled 
water was necessary. The stain used throughout was Heidenhain’s Azan. 

Four complete skeletons, two of each species, were prepared as alizarin trans- 
parencies, and in the case of orie specimen of L. hochstetteri the method of Williams. — 
(1940) for the differential staining of cartilage and bone was used. A few dried 
skulls, prepared some years previously, were helpful in the study of macroscopic 
features. | : 

Two methods of reconstruction, graphical and contour, were used in preparation 
of the figures. In each case successive outline drawings were made at suitable 
magnifications by means of a Leitz micro-projection drawing apparatus. For the 
contour reconstructions the method described by Pusey (1939) proved of great 
value. 


III. THe CHonDROCRANIUM. 
(a) Occipital region. (Fig. 1.) 

The occipital arch is well developed. Through the foramen jugulare pass the 
combined trunks of the ninth and tenth cranial nerves and the vena capitis 
posterior which drains the hinder end of the cranial cavity (fig. 19). Between the 
occipital arch and the neural arch of the first vertebra emerges the N. spinalis I 
(N. suboccipitalis). 
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- (b) Auditory region. 

‘The cranial floor between the capsules is complete. In both species the 
parachordals are fused beneath the notochord, while in L. hochstetteri a thin layer 
of cartilage cells is present also above the notochordal sheath. This condition is 
of interest in view of the previous conception that in urodeles the parachordals 
fuse below the remains of the notochord, while in anurans they unite above it 
(de Beer 1937, p. 381). 

A relatively broad tectum synoticum is present, but this structure, owing to its 
connection with the occipital arches as well as with the auditory capsules, might 
also be regarded as a tectum posterius. Laterally the tectum does not unite 
directly with the capsules but is fused with the backwardly directed continuations 
of the teaniae marginales (fig. 2A). These latter lie dorso-medially to and are 


Fig. 1. 
Oa ts 


fpls facp facm 


Contour reconstruction of chondrocranium of L. hochstetteri, approximately one year old ; posterior 
view. ch, ceratohyal ; facm, foramen acusticum medius ; facp, foramen acusticum posterius ; 
fj, foramen -jugulare; fpls, foramen perilymphaticum superius; oa, occipital arch ; 
occ, occipital condyle ; op, operculum ; pot, otic process of quadrate ;-g, quadrate ; ts, tectum 
synoticum. 


united ‘with the auditory capsules, each taenia forming a ridge of cartilage which 
helps to roof the posterior fontanelle. Each ridge is continued forward into the 
orbitotemporal region to join the postero-lateral edge of the epiphysial. bar. 
No taenia tecti medialis exists. 

The’ medial wall of each auditory capsule is perforated by six openings, viz. 
an endolymphatic foramen, anterior, medial and posterior acustic foramina and 
superior and inferior perilymphatic foramina (figs. 1 and 3). Although the presence 
of three foramina for branches of the auditory nerve is a feature perhaps more 
characteristic of Urodela than of Anura, their occurrence in the latter order is by 
no means unknown lah ines 1927; de Villiers, 1934). A large fenestra ovalis 
is present. 

The posterior medial region of the auditory capsule of Leiopelma differs consider- 
ably from that of Rana. The fissura metotica (foramen jugulare) does not extend 
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relatively as far forward as in Rana, so that the perilymphatic foramina open into 
the cranial cavity itself and not into an extra-cranial space or recessus scalae 
tympani. The perilymphatic foramina are bounded from behind by the posterior 
region of the medial wall of the auditory capsule. Thus, if one examines the 
chondrocranium from behind, one sees only the foramen jugulare and not, as in 
Rana, the perilymphatic openings as well. The floor of the capsule is not pierced 
by a so-called ‘ fenestra rotunda ’. 


Fig. 2. 


A 


Graphical reconstructions of chondrocranium of Leiopelma. hochstetteri, approximately one year old. 
Cartilage bone was beginning to form in the pro-otic and exoccipital regions, but has been 
omitted from the figure. A, dorsal view ; B, ventral view. cal, cartilago alaris ; cps, cartilago 
prenasalis superior; crs, crista subnasalis; ct, cornu trabeculae; epb, epiphysial bar ; 
fep, foramen caroticum primarium ; ff, foramen N. facialis ; fn, fenestra narina ; fo, foramen 
opticum ; focn, foramen for oculomotor nerve; foph, foramen for a. ophthalmica magna ; 

_forn, foramen orbitonasale ; fov, fenestra ovalis; fp, foramen pro-oticum; hbp, hyobasal 
process ; li, lamina inferior ; Jon, lamina orbitonasalis ; /s, lamina superior ; othl, otohyoid 


ledge ; pln, processus lingularis ; pnp, processus prenasalis medius ; pic, processus pterygoideus ; 
ins, tectum nasi. Other lettering as in figure 1. 


A thick, permanently cartilaginous operculum (figs. 1, 2B and 4) fills most of 
the cavity of the fenestra ovalis. Apart from this structure, as was previously 
pointed out by Wagner (1934 a), Leiopelma possesses no middle-ear structures. 
The operculum is fused posteriorly with the auditory capsule and to its 
postero-lateral extremity is attached the ventral end of the M. opercularis. A well- 
developed crista parotica is fused to the dorso-lateral capsular wall and reaches 
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back beyond the point of fusion of the otic process of the quadrate with the 
auditory capsule. 

Beneath the floor of the anterior region of the auditory capsule is a flat ledge of 
cartilage, the * otohyoid ledge ’ (p. 301), which forms the floor of a canal through 


Fig. 3. 


Nailin 


Contour reconstruction of chondrocranium of L. archeyi, four weeks after hatching ; interior view 
to show foramina. 


which the hyomandibular branch of the facial nerve runs in a lateral direction 
towards the cranio-quadrate passage. Behind the nerve the ledge fuses 
indistinguishably with the floor of the capsule, except for a lateral shelf which 
extends back ventro-laterally to the capsule for some distance (figs. 5B and 19). 
To the outer posterior edge of this free shelf is fused the dorsal end of the ceratohyal. 


Fig. 4. 


epp fp hbp 
forn ftr P P A 


imm ptc Mc 


Contour reconstruction of chondrocranium of adult L. archeyi ; lateral view. 


(Lettering in figs. 3 and 4) : crpr, crista parotica ; fa, foramen apicale ; faca, foramen acusticum anterius ; 
fen, foramen endolymphaticum ; fpli, foramen perilymphaticum inferius; ftr, trochlear 
foramen ; Mc, Meckel’s cartilage ; son, solum nasi. Other lettering as in previous figures. 


The hyomandibular nerve may or may not be exposed from in front, depending 
on whether or not an anterior wall of cartilage connects the flattened ledge 
described above to the floor of the auditory capsule (fig. 6). Both conditions have 
been observed in L. hochstetteri, while in L. archeyi a wide anterior wall appears 
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Fig. 5. 
SSC m 
A, ae 


Partial reconstructions of auditory region of L. archeyt ; lateral view. Cut surfaces are shaded with 
unbroken lines. A, adult; B, four weeks after hatching. go, ‘otic ganglion’; hcl, lateral 
opening of hyomandibular canal ; mop, M. opercularis ; othl, otohyoid ledge ; pt, pterygoid ; 
ssc, suprascapula; vcl, vena capitis lateralis; VIIA, r. hyomandibularis VII; VIIhmi, 
r. mandibularis internus; VIIhy, r. hyoideus; VIIrc, r. communicans VII ad IX; IX, 
N.. glossopharyngeus.; X, N. vagus. Other lettering as in previous figures. 


Fig. 6. 


Contour reconstructions of hyomandibular canal and otohyoid ledge ; anterior view. A, L. pues 
B and OC, L. hochstettert. ac, auditory capsule ; ch, ceratohyal ; ff, facial foramen ; heaw, anterior 
wall of hyomandibular canal ; othl, otohyoid ledge ; pfc, prefacial commissure ; pot, otic process 
of quadrate ; VITh, r. Lvombneindlarts VII. 


to be universally present. The morphological relationships. of the ledge of 
cartilage are discussed below (p. 300). 

In both species the ganglion geniculatum is entirely extra-cranial, lying in a 
slight depression medial to the hyomandibular canal or groove (fig. 7). In L. archeyi 
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the ganglion may be partly covered from in front by the anterior wall of the 
tunnel. The root of the facial nerve has its own foramen in the floor of the cranial 
cavity immediately behind the ganglion. The root of the palatine nerve, which 
leaves the ganglion geniculatum anteriorly, is entirely free in front, 7.e. no 
basitrabecular process exists in Levopelma. 


Fig. 7. 
pfc ts 


Area Fil cee ZB hyp Vip 

Contour reconstruction of posterior part of chondrocranium of L. hochstetteri, seen from in front. 
The most anterior section passes through the foramen pro-oticum and the left side (of animal) 
is slightly anterior to the right. The reconstruction has a slight upward tilt. cqp, cranio- 
quadrate passage ; hyp, hyoid plate; ica, internal carotid artery ; Vg, Gasserian ganglion ; 
Vmd, r. mandibularis V ; Vmz, r. maxillaris V ; VI, N. abducens; VII, r. palatinus VII. 
Other lettering as in previous figures. 


A prefacial commissure separates the geniculate from the pro-otic ganglion. 
From the latter pass the usual nerves, the ramus ophthalmicus profundus V, the 
r. maxillaris superior V and the r. mandibularis inferior V (fig. 7). Through the 
foramen pro-oticum emerge the N. abducens and a vein which drains the anterior 
region of the cranial cavity before joining the v. capitis lateralis (fig. 19). 

The two primary carotid foramina, situated ventrally at approximately the 
level of the foramen pro-oticum, are bounded posteriorly by slight longitudinal 
grooves in which lie the internal carotid arteries (fig. 2B). 


(c) Orbitotemporal region. 

A true, cartilaginous epiphysial bar, formed initially in early stages of 
intracapsular development, unites the orbital cartilages dorsally (fig. 2A). The 
tectum transversum of Rana, which occupies an adult position more or less similar 
to that of the epiphysial bar in Leiopelma, does not appear until approximately 
the time of metamorphosis. It seems possible that the two structures are 
homologous, though very little clear evidence is available on this point. 

The anterior fontanelle of the cranial roof is more or less oval in shape, with 
its long axis directed antero-posteriorly. The posterior fontanelle is rounded or 
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triangular. Both spaces are filled with a thick layer of tough, fibrous connective 
tissue. It is clear that Wagner (1934 6) did not recognize the occurrence of any 
transverse bridge other than the tectum synoticum. She speaks of “ the large 
fontanella . . . (which is) not restricted to the sphenethmoid region but extends as 
far back as the tectum synoticum’”’. In all specimens examined by N. G. 
Stephenson and myself, however, the epiphysial cartilage has clearly been present. 

The pila antotica separates the pro-otic foramen from the openings for the 
oculomotor nerve and ophthalmic artery. The two latter foramina are usually 
separate but occasionally are confluent. 

A narrow pila metoptica lies between the oculomotor foramen and the large 
opening for the optic nerve. The fourth nerve has a small foramen of its own 
antero-dorsally to the optic foramen and emerges immediately below the lateral 
edge of the fronto-parietal (fig. 4). 

The pre-optic root of the orbital cartilage is attached in front to the thick 
lamina orbitonasalis. The orbitonasal canal transmits the r. ophthalmicus 
profundus and the a. orbitonasalis. 

The sclerotic cartilage is more or less of kettle-drum shape and in L. archeyi 
is found to develop shortly after hatching. 


(d) Ethmoidal region. 

The nasal capsules are widely separated by the broad, flattened internasal wall. 
Throughout most of its length the latter consists of a solid block of cartilage, the 
septum nasi, but this septum does not extend back to the point of transition 
between ethmoidal and orbitotemporal regions (marked by the posterior end of 
the profundus canal). Instead, it is tunnelled through posteriorly by the canales 
olfactorii and finally disappears medially, the nasal capsules then being separated 
by the foremost part of the cranium. The latter thus has a well-defined ethmoidal 
portion. The brain itself does not extend to the end of the cranial cavity, but can 
generally be seen in section for a short distance in front of the posterior entrance 
of the profundus canal. 

Anteriorly the septum nasi is continued as a forward prolongation forming a 
median ridge in the anterior part of the roof of the mouth and curving slightly 
downwards with the slope of the snout (figs. 2, 8 and 9). In front of the nasal 
capsules this median prenasal process is at first triangular in cross-section with 
its broadest side placed dorsally, but gradually tapers to a more or less oval shape 
which is higher than broad. Ascaphus (de Villiers, 1934) possesses a similar 
process. 

The cavum prenasale is traversed by three pairs of cartilaginous processes, all 
of which help to support the premaxillae. Chief in connection with this function 
are the structures which Wagner (19346) calls the cartilagines praenasales 
inferiores. These are downwardly curving rods, fused posteriorly with the solum 
nasi and usually turning slightly backwards at their tips. They fit behind and 
below the pars facialis (dorsalis) of each premaxilla, medially and in front of the 
supporting portions of the cartilagines praesasales superiores. 

Although at first sight it may appear that the inferior prenasal cartilages are 
identical with structures of the same name in Rana, evidence from developmental 
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and adult stages of Leiopelma show that the cartilages in question appear very 
early in intracapsular development and persist through to adult life. They seem 
in fact, without much doubt, to be the trabecular horns which are not lost at 
metamorphosis. 

The cartilago prenasalis superior on each side is a short forward prolongation 
of the cartilago alaris, directed somewhat towards the middle line and supporting 
the most posterior and dorsal projection of the pars facialis of the premaxilla. 


Fig. 8. 
ins 


sn 


=s\crs 


A Pp 


Contour reconstruction of nasal capsules of L. archeyi, anterior view. A, cartilage only ; B, cartilage 
and membrane bones. cal, cartilago alaris ; cpmz, cartilage beneath premaxilla ; cps, cartilago 
prenasalis superior; crs, crista subnasalis; cf, cornu trabeculae; fa, foramen apicale ; 
mx, maxilla; pmx, premaxilla ; pmaf, pars facialis of premaxilla ; pnp, processus prenasalis 
medius ; smx, septomaxilla ; sn, septum nasi ; ins, tectum nasi. 


In most anurans the crista subnasalis is a short ridge of cartilage which has 
a medial flexure and which is attached to the ventro-lateral edge of the solum nasi. 
It supports the palatal parts of the maxilla and premaxilla away from the nasal 
capsule, thus forming a subnasal space for the housing of part of the intermaxillary 
gland. The condition of the crista subnasalis in Leiopelma is peculiar if not unique. 
A cartilaginous rod arises ventro-laterally from the solum and curves downwards 
and slightly outwards around the side of the buccal cavity (figs. 8 and 12). 
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Fig. 9. 
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Graphical reconstructions of nasal capsule of L. archeyi, approximately eighteen months old. In A 
some of the epithelial sacs as well as the cartilages are shown ; the recessus lateralis of the 
cavum inferius is omitted. In B the round gap shown in the floor of the capsule (shaded black) 
is of doubtful significance and of isolated occurrence. A, lateral view; B, ventral view. 
cb, cartilaginous bar between fenestrae dorsalis and lateralis ; em, cavum medium ; cp, cavum 
principale ; dnl, nasolacrimal duct; fd, fenestra dorsalis; fn, fenestra narina; i, lamina 
inferior ; pln, processus lingularis ; rl, lateral region of Rachendriise. Other lettering as 
in previous figures. 


Ventrally it is continuous with an irregularly shaped, horizontally placed block of 
cartilage which runs in a rostro-caudal direction and usually extends forward 
into the prenasal space. As a rule the rod also extends back for a short distance 
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posteriorly to its attachment to the solum (fig. 9). The elongation of the 
connection with the solum accounts at least in part for the relatively great depth 
of the anterior part. of the skull as seen in lateral view. 

.. The crista subnasalis in Ascaphus apparently resembles the normal anuran type. 
Eleutherodactylus nubicola (Lynn, 1942) has a crista which seems to approach more 
closely to that of Leiopelma but the structure is not mentioned in the text and is not 
shown clearly in relation to the bones of the skull. A curious case (du Toit, 1943) 
is that of Petropedetes, where each crista subnasalis is situated on the ventral surface 
of the solum nasi, some distance in from the side, the two strut-like structures 
so formed increasing the subnasal space and consequently the amount of 
accommodation for the intermaxillary gland. From consideration of Leiopelma, 
however, I cannot see that the subnasal space is very greatly enlarged by the 
pecularities of the crista. The curved ‘struts’ are carried at the sides of the 
mouth and thus do not affect the space between the latter and the nasal capsules. 
The crista subnasalis does not appear in development until two or three weeks 
after hatching (N. G. Stephenson, 1948-49). 

Very close to the median line and directly beneath the palatal process of the 
premaxilla on each side, one finds in some cases a very short unattached rod of 
cartilage, directed rostro-caudally, and tapering slightly at each end. These 
cartilages have been found in adults of both species but their origin is quite 
obscure (figs. 8 and 9B). 

The nasal capsule in Leiopelma is far more enclosed from the side than is the 
case in Rana. The extreme anterior part of the side wall is formed by the cartilago 
alaris, the posterior edge of which projects back in a tapering point, incompletely 
dividing the external narial opening into dorsal and ventral portions. The dorsal 
division provides the outlet for the external nostril, while through the ventral 
division passes the ductus nasolacrimus. The plica obliqua is suspended from the 
tectum nasi. Compared with that of Rana, the fenestra narina of Leiopelma is 
relatively tall and narrow instead of being antero-posteriorly elongated. Dorsally 
it is bounded by the tectum, ventrally by the lamina inferior, which in this case is 
directly continuous with the ventro-lateral wall of the capsule (fig. 9A). 

Posteriorly to the fenestra narina, a zona annularis is formed by the union 

of the planum terminale with the lamina inferior. The line of union occurs some 
distance in from the lateral edge of the lamina inferior, so that a ledge (sloping 
slightly in a ventro-lateral direction) is left externally to the capsule. Upon this 
ledge the nasolacrimal duct passes back for a short distance (fig. 13). 
“Behind the fenestra narina, several differences in the side wall occur between 
the species L. archeyt and L. hochstetteri. The frog sectioned by Wagner 
(1934 a and b) was apparently a specimen of L. archeyi and for this reason it will 
be convenient to consider this species first. Wagner states that “ the cartilago 
obliqua is not differentiated, this is certainly an indication of primitiveness .. . 
the planum terminale is continuous with the roof of the nasal capsules in Leiopelma 
and the fenestra dorsolateralis is not differentiated’. Wagner also points out 
that the condition in Leiopelma is comparable to that in the young forms of 
‘Bombinator and Pelobates in that a fenestra dorsalis is separated from the fenestra 
lateralis by a band of cartilage. 
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Jarvik (1942) refers to Wagner’s description in his discussion of the snout in 
Anura and states that in Leiopelma “a broad bridge of cartilage connects the 
lamina obliqua with the postnasal wall (planum antorbitale Gaupp) dividing the 
fenestra nasolateralis (dorsolaterais Gaupp) into an upper part completely 
surrounded by cartilage and a lower part passing over ventrally into the fenestra 
endochoanalis ”’. 


Fig. 10. 


crs 


Graphical reconstructions of the more posterior portions of the nasal capsules of three different 
specimens of Letopelma ; lateral view. A, L. archeyi, approximately eighteen months old ; 
B, L. archeyi, adult ; C and D, L. hochstetteri, 2-3 years old, right and left sides. cb, cartilaginous 
bar between fenestrae dorsalis and lateralis ; drhl, depression for lateral portion of ‘ Rachendriise ’; 
fd, fenestra dorsalis; jfdl, fenestra dorsolateralis; Jon, lamina orbitonasalis ; pln, processus 
lingularis ; /s, lamina superior ; son, solum nasi. Other lettering as in previous figures. 


The true state of affairs can be discovered by examination of a number of 
specimens of varying ages. In the chondrocranium of L. archeyi four weeks after 
hatching, only the fenestra lateralis is differentiated. At the age of approximately 
eighteen months the following conditions occur (fig. 10A): behind the fenestra 
narina a wide lateral wall of cartilage continues down vertically from the tectum 
and joins with the lamina inferior. No real distinction of a lamina obliqua from 
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the tectum exists. Behind the fenestra narina the anterior margin of the side 
wall extends forward as a bluntly pointed projection reaching almost as far as the 
posterior end of the cartilago alaris. The side wall is perforated by one or more 
foramina for twigs of the r. ophthalmicus profundus V. The posterior edge of the 
side wall is more or less vertical, except for a narrow strip of cartilage which 
continues back and finally fuses with the lamina orbitonasalis. The fenestra 
dorsolateralis is divided by this strip into a fenestra dorsalis and fenestra lateralis, 
much as described by Wagner. 

In the nasal capsule of a fully adult L. archeyi (fig. 10B), the fenestrae dorsalis 
and lateralis have merged into a united fenestra dorsolateralis, the cartilaginous 
dividing bridge has broken down, and the only indication of it is a bulge on the 
lamina orbitonasalis. The sequence of events in this region in L. archeyi seems 
to be, then, differentiation of the fenestra lateralis, breakdown of cartilage to 
form a fenestra dorsalis and finally disintegration of the bridge between the 
two fenestrae to form a united opening. 

In L. hochstetteri the whole process appears to be much slower. In a frog 
2-3 years old (fig. 10C and D), differentiation of a fenestra dorsalis is only just 
beginning and then on one side only. Alizarin and methylene blue preparations 
of fully adult chondrocrania do, however, indicate that an undivided fenestra 
dorsolateralis is eventually formed. 

In Leiopelma archeyi, one finds that the side wall has on its medial aspect 
(i.e. inside the capsule) a solid cartilaginous ridge which runs from the posterior 
border of the fenestra narina back to the fenestra dorsolateralis. This block joins 
the fused tectum and side wall to the lamina inferior and represents the planum 
terminale (figs. 12 and 13). Between its free dorsal surface and the tectum lies 
the glandula nasalis lateralis which is thus completely enclosed within the capsule 
(fig. 13). The fused planum terminale and inner portion of the lamina inferior 
project into and support the plica isthmi. When the fenestra dorsolateralis is 
reached and the planum terminale ends, an extension of the lamina inferior 
continues backwards for some distance in the plica isthmi, laterally to the choana. 
It separates the fenestra basalis (endochoanalis Jarvik) from the fenestra lateralis 
or dorsolateralis and represents the processus lingularis of Rana (figs. 9 and 14). 
It is, however, developed to a much greater degree in Leiopelma and may extend 
almost as far as the lamina orbitonasalis. In Leiopelma hochstetteri the anterior 
relationships of the planum terminale and the lamina inferior are much the same 
as in L. archeyi, but before the former ends and the fenestra lateralis begins, a 
characteristic deep groove occurs externally in the side wall. The block of 
cartilage representing the fused planum terminale and inner portion of the lamina 
inferior is hollowed from the outer side, so that medially the connection between 
the two cartilages in question is reduced to a thin sheet. The groove is filled 
anteriorly with connective tissue, but farther back houses tubules of the 
‘ Rachendriise ’ or palatal gland (fig. 10C). Externally to these, and not actually 
enclosed by the groove, lies the nasolacrimal duct. The processus lingularis in 
L. hochstettert often extends back beyond the anterior limit of the lamina 
orbitonasalis, passing medially to the antero-lateral portion of the latter. 

One is tempted to compare the processus lingularis with Seydel’s ‘ palatal 
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process’ (Gaumenforsaiz) of Urodeles (Born, 1876). In the latter order a 
postero-lateral extension of the lamina transversalis anterior (t.e. the solum 
nasi) and the lower part of the side wall, together called by Jarvik (1942) the 
lamina nariochoanalis, is continued backwards ventro-laterally to the choana. 
‘This posterior process, which separates the fenestra dorsalis from the fenestra 
lateralis, is known as the lamina ectochoanalis (de Beer, 1937). The ventral 
portion of this (7.e. cartilage derived from the solum) is extended back as a short 
process (Seydel’s palatal process), reaching slightly beyond the anterior border 
of the lamina orbitonasalis. In Urodeles the laminae superior and inferior are 
not developed. In Leiopelma the processus lingularis is a backward extension of 
the lamina inferior and not, in the adult condition, of the solum. It separates 
the fenestra basalis from the fenestra lateralis, but lies laterally to the choana 
instead of ventro-laterally to it. During development, however, the lateral edge 
of the solum curves upwards, inwards and finally upwards and outwards again to 
produce a curved cartilaginous sheet which is S-shaped in transverse section. 
The uppermost plate is the lamina superior and the one below it the lamina inferior. 
The latter is continuous ventro-laterally with the solum. Attachment of the 
laminae inferior and superior to the septum by means of the crista intermedia 
does not come till later. Thus, though in Urodeles Seydel’s palatal process is 
a direct continuation of the solum nasi, while the processus lingularis in Levopelma 
is a continuation of the lamina inferior, the fact that the latter is a direct 
developmental derivative of the solum makes it not unreasonable to suggest the 
homology of the two processes in question. 

The laminae superior and inferior eventually become connected with the septum 
nasi by the crista intermedia, with which they are directly continuous. It is a 
more or less horizontal sheet of cartilage developed anteriorly in the nasal capsule 
(fig. 12). In Letopelma the fenestra nasobasalis is developed above the crista 
intermedia and gives access to the cavum subnasale. In Rana it is developed 
ventrally to the crista and gives access to the cavum prenasale. 

An eminentia olfactoria is only very slightly developed in Leiopelma. 


The nasal sac. (Fig. 11.) 


The usual major subdivisions of the nasal sac, viz. the cavum principale, cavum 
medium and cavum inferius, are present. The cavum medium is perhaps smaller 
than usual, the cavum inferius appearing in section considerably in front of it. 
The vestibular region is supported by the cartilago alaris. Neither of the 
‘ Wiilste ’ described by Gaupp (1904) is present, nor is there a recessus sacciformis. 
The recessus medialis of the cavum inferius, presumed by many authors to be the 
homologue of Jacobson’s organ, is relatively small. The recessus lateralis continues 
back beyond the choana and opens into the buccal cavity after the latter has 
closed. 

The ductus nasolacrimus leaves the cavum medium postero-laterally, passing 
between the lamina inferior and the most dorsal prong of the septomaxilla. It does 
not, as in Ascaphus (de Villiers, 1934), open equally into a diverticulum of the 
infundibulum and the cavum medium, but in sections showing the entrance of 
the nasolacrimal duct laterally into the cavum medium the infundibulum is seen 
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opening dorsally into the same sac. Continuing backwards the nasolacrimal 
duct lies on the ledge formed by the outermost part of the lamina inferior (fig. 13). 
After passing laterally to the lamina orbitonasalis, it divides in the orbit into. 
a dorsal and a ventral duct, much as described by de Villiers for Ascaphus. Almost 


Fig. 11. 


Contour reconstruction of nasal sacs of LZ. archeyi; anterior view. The fenestra narina and the 
vestibule are shown in section. cm, cavum medium; cp, cavum principale; dnl, ductus. 
nasolacrimus ; gn, glandula nasalis lateralis ; gum, glandula nasalis medialis ; inf, infundibulum ; 
rici, recessus lateralis cavum inferius ; rmci, recessus medialis cavum inferius. 


immediately behind the point of division the dorsal ductlet ends in a very slight 
groove on the upper surface of the lower eyelid. The ventral duct continues back 
for a short distance, then moves upwards and enters a second groove on the dorsal 
surface of the eyelid. 


The prechoanal sac (pre-oral buccal cavity). 

The prechoanal sac opens into the buccal cavity considerably in front of the 
choanal opening. Anteriorly it ends blindly. Its walls, especially the ventral one, 
consists of tubular folds of epithelium, strongly ciliated and containing many 
mucus-secreting cells. The sac lies between a dorsal mass of intermaxillary gland 
tubules and the palatal portions of the premaxillae, the latter projections usually 
ending just before the entrance of the sac into the buccal cavity. In an isolated 
specimen of L. hochstetteri two sacs have been found, each with a separate 
entrance into the buccal cavity. 


Glands of the nasal region. 

(i.) Intermaxillary gland. 

The intermaxillary gland consists of numerous much branched tubules 
occupying a large proportion of the prenasal and subnasal spaces (figs. 12 and 13). 
Anteriorly they surround the prenasal cartilages. Histologically they are quite 
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characteristic, with nuclei regularly disposed towards the basement membrane. 
Tubules of the gland do not, at least in the adult condition, open into the 
prechoanal sac as in the case of Ascaphus (de Villiers, 1934) but into the roof of 
the anterior part of the buccal cavity. Miiller (1932) has attached great importance 
to the positions of the openings of the intermaxillary gland, regarding as the most 


Fig. 12. 
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Sectional reconstruction of nasal capsule of Leiopelma archeyi. The figure was originally’ prepared 
as a contour reconstruction and then shaded. Anterio1 view, cavum principale seen in section. 
amn, Y. medialis narium a. orbito-nasalis ; Bg, Bowman’s gland ; cb, cartilage between fenestrae 
dorsalis and lateralis; cho, choana; ci, cavum inferius; cm, cavum medium; cp, cavum 
principale ; cri, crista intermedia ; crs, crista subnasalis ; ct, cornu trabeculae ; dnl, nasolacrimal 
duct; gimx, glandula intermaxillaris; gnl, glandula nasalis lateralis; gnm, glandula nasalis 
medialis ; inf, infundibulum; 2, lamina inferior; Js, lamina superior ; nmn, r. medialis narium 
profundus V; pln, processus lingularis ; plé, planum terminale ; rhl, lateral region of ‘ Rachen- 
driise’ (anterior) ; rlci, recessus lateralis cavum inferius; smx, septomaxilla; sn, septum 
nasi; son, solum nasi; ins, tectum nasi; vo, prevomer ; I, N. olfactorius, 


primitive condition that in which more than two irregularly placed openings occur 
near the middle of the roof of the buccal cavity. In Leiopelma the openings 
occur in four reasonably well-defined lines, but the actual number of openings 
may vary. On either side of the middle line and quite close to it, tubules which 
each serve as outlets for numerous branches of the gland open into a more or 


—— 
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Fig. 13. 


Sectiona] reconstruction of nasal capsule of Leiopelma archeyi. The figure was originally prepared 
as a contour reconstruction and then shaded. Posterior view through region of zona annularis. 
For lettering see caption to fig. 12. 


Sectional reconstruction of nasal capsule of Leiopelma archeyi. The figure was originally prepared 
as a contour reconstruction and then shaded. Posterior view through choanal region. For 
lettering see caption to fig. 12. 
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less well-defined groove in the dorsal epithelium of the buccal cavity. Farther 
out from these on each side, keeping a fairly constant rostrocaudal position but 
not necessarily in a groove, a few more openings may occur. Tubules of the gland 
appear at the sides of the buccal cavity in its anterior region only. They gradually 
become restricted to the space between the septum and the roof of the mouth. 
As Wagner (1934 b) pointed out, no tubules of the gland pass into the nasal capsule 
through the fenestra nasobasalis. In all cases the intermaxillary tubules end 
before those of the ‘ Rachendriise’ begin and the two types of tubule give 
differential staining effects. 


(ii.) The ‘ Rachendriise’ or palatal gland. 

This gland is extensive in Leiopelma and is clearly in two parts which are not 
joined. Oceder (1906) first showed the dual nature of this gland while working 
on Bufo, although Gaupp had earlier suspected its double origin. De Villiers (1934) 
suggested that the ‘ Rachendriise ’ was originally scattered over a large part of the 
roof of the buccal cavity and is in process of reduction. 

Interesting differences occur between the palatal glands of L. archeyi and 
L. hochstetteri. In the former species, shortly after the most posterior tubules 
of the glandular intermaxillaris have ended, tubules of the ‘ Rachendriise ’ 
appear ventrally and ventro-laterally to the nasal septum. The number of tubules 
in section at the one time gradually increases to about nine or ten, which stretch 
out in a line beneath the septum and solum at the point where the choana begins. 
At intervals short ducts open directly into the roof of the buccal cavity. As the 
number of medial tubules increases, they extend out beneath the prevomer to lie 
between lateral and medial divisions of that bone. As the toothed portion of the 
prevomer appears, however, the tubules become restricted to the epithelium 
medial to it, except for a collection of four or five lying between toothed and 
lateral parts of the bone. By the time the choana closes, few, if any, tubules 
are left in the medial portion of the mouth. In the opening of the fenestra basalis, 
however, beneath and behind the most postero-lateral part of the prevomer, 
numerous tubules occur, extending laterally beneath the anterior part of the 
planum antorbitale. They disappear slightly before the posterior limit of the 
nasal sac is reached. 

The lateral series of tubules begins at approximately the level of the anterior 
part of the choana. Here the side wall of the capsule ends and the processus 
lingularis is left projecting into the plica isthmi at the side of the choana. 
Immediately above this cartilage and opening into a groove in the ventro-lateral 
aspect of the cavum principale, lateral tubules appear (fig. 14). At first only one or 
two are seen in section at once, but near the posterior portion of the choana they 
increase to four or five and the groove becomes almost obliterated. Shortly after 
the processus lingularis has disappeared, several tubules open from the ventral 
side of the plica isthmi into the cavum principale for a short distance after the 
choana has closed. 

In L. hochstetteri the lateral series of tubules begins first, and a considerable. 
distance occurs between the posterior limit of the glandula intermaxillaris and 
the medial series of ‘ Rachendriise’ tubules. The most anterior part of the 
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lateral series is housed in a characteristic deep groove (p. 267) in the lateral wall 
of the capsule (fig. 10C), the medial boundary of the groove being formed by the 
harrow posterior connection of the planum terminale with the lamina inferior. 
In this hollow, close against the inner wall, lies a bunch of ‘ Rachendriise ’ 
tubules which become connected with the cavum principale only after the planum 
terminale and the remnant of the lamina inferior separate. External to the 
tubules is the nasolacrimal duct. The lateral tubules first connect with the 
ventro-lateral part of the cavum principale by three openings into three short 
grooves. The tubules seem to occur in series, much as de Villiers described for 
Ascaphus, the first set almost ending or being reduced to a single representative 
before the next set begins. As the choana enlarges, the medial series of the 
‘ Rachendriise ’ becomes more pronounced, and eventually a set of very large 
tubules fills the opening of the fenestra basalis when the choana has closed. 

- (iii.) Gland opening into the cavum principale. 

In L. hochstetteri only, a large and well-defined gland occurs ventro-medially 
to the anterior portion of the cavum principale, even extending slightly in front 
of the vestibular region. It consists of a varying number of closely aggregated 
tubules, with a single opening into the ventral wall of the cavum principale. 
The gland lies above the crista intermedia and does not extend back into 
the region of the cavum inferius. Its tubules end before those of the glandula 
nasalis medialis begin and they also have staining properties different from those 
of the latter gland. In L. archeyi I have found only the glands of Bowman opening 
into the cavum principale. Foéske (1934) identifies a gland opening into the cavum 
principale in Xenopus as the glandula oralis interna, which had not previously 
been recorded in the Anura. Whether the anterior tubules in L. hochstettert have 
any identity with this gland is at present quite uncertain. 


(iv.) Glandula nasalis medialis. (Figs. 11, 12 and 13.) 

This gland is relatively larger in L. hochstetteri than in L. archeyt and in both 
species consists of a varying number of tubules opening by a single duct into the 
postero-median aspect of the recessus medialis of the cavum inferius. They 
extend backwards and forwards from this point, between the ventro-medial wall 
of the cavum principale and the solum nasi and septum nasi. 


(v.) Glandula nasalis lateralis. (Figs. 11 and 13.) 

This opens laterally into the cavum principale and is supported ventrally by 
the planum terminale. It appears to be somewhat different from that described 
for Rana (Gaupp, 1904), consisting of only a very small number of large tubules 
instead of a large number of small ones. It has usually one main opening into 
the cavum principale, though one or two minor ducts may occur. De Villiers 
states that in Ascaphus a glandula nasalis lateralis is completely absent. 


IV. THe VisceraL ArRcH SKELETON. 


(a) Palatoquadrate. 
The body of the quadrate slopes down and slightly back to articulate with 
Meckel’s cartilage, the slope becoming more pronounced with increasing age. 
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Dorsally the otic process fuses with the auditory capsule to form the roof of the 
cranio-quadrate passage. ‘The ‘ hyobasal process’ (p. 301) lies in close contact 
with the anterior and antero-lateral surfaces of the otohyoid ledge. The ascending 
process is lost during the first few weeks after hatching and the remnant of it 
becomes fused to the anterior wall of the auditory capsule. 

The pterygoid process extends forward beneath the orbit as a slender bar of 
cartilage which fits into a slight lateral groove of the pterygoid bone. Once the 
maxilla is reached, the pterygoid process lies on top of the palatal process or ledge. 
Owing to the obscuring of the primary relationships of the pterygoid process to 
the cranium during development (N. G. Stephenson, 1948-49), the former 
structure has, in the adult, a superficial appearance of being attached to the 
postero-lateral corner of the lamina orbitonasalis. 


(b) Hyoid and larynx. (Fig. 15.) 


Trewavas (1933) described the hyoid apparatus of Leiopelma from two specimens 
which were thought to belong to the species L. hochstetterr. Both were females, 
measuring 30:'5mm. and 26mm., respectively, in body weight. When I 
reconstructed the hyoid cartilages and associated muscles of both L. archeyi and 
L. hochstettert, I found several apparently constant differences between the two. 
As L. archeyi corresponded fairly closely with Trewavas’ description and as the 
size of her specimens was smaller than one would normally expect for L. hochstetteri, 
I concluded that they did, in fact, belong to the more recently described species, 
L. archeyi. This was confirmed through the courtesy of Dr. Trewavas and 
Mr. Battersby of the Natural History Museum, South Kensington, who allowed 
me to examine the original specimens. 

The hyoid of L. archeyi has been accurately described by Trewavas: ‘‘ Width 
of hyoid plate a little greater than the median length. A median, flat, parahyoid 
bone, shaped like a pair of thick arcs united by their convex edges, inseparably 
fused to the ventral surface of the hyoid plate. Hyale with a slight expansion 
instead of an anterior process. Alary process absent: postero-lateral process 
short, simple; postero-medial process stout, hour-glass-shaped, with triangular 
cartilaginous epiphyses ”’. 

The differences in the hyoid skeleton of ZL. archeyi and L. hochstetteri are 
summarized below. The information was derived from reconstructions made 
from four series of transverse sections, two from each species, and from several 
dissections. 


L. hochstetteri. 


A definite anterior process present, 
usually with its anterior end directed 
towards the middle line. 


A clearly defined though not very 
large alary process present. 


Ceratohyal relatively narrow. 


L. archeyi. 
No definite anterior process. Some- 
times a slight expansion of the 
ceratohyal. 


Alary process absent, except for one 
specimen (Trewavas) which had small 


and unexpanded processes. 


Ceratohyal relatively wide. 
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Fig. 15. 


phyp Tat 
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Graphical reconstructions of hyoid and larynx. A, hyoid plate and musele attachments of 
L. hochstetteri, ventral view; B, hyoid plate and muscle attachments of L. archeyi, ventral view; 
C, larynx of L. archeyi, dorsal view. ar, arytenoid; ch, ceratohyal ; cld, M. constrictor laryngis. 
dorsalis ; cr, cricoid; dil, M. dilator laryngis; ep, epiphysis; ghy, M. geniohyoideus; ghya, 
attachment of M. geniohyoideus; Aglat, attachment of M. hyoglossus; ohy, M. omohyoideus ; 
par, parahyoid ; pbr, bronchial process; phya, M. petrohyoideus anterior ; phyaa, attachment 
of M. petrohyoideus anterior phypl, M. petrohyoideus posterior I; phypIlat, attachment of: 
M. petrohyoideus posterior IL; phypIIIat, attachment of M. petrohyoideus posterior IIT; 
pra, anterior process; pral, alary process ; prpl, postero-lateral process ; prpm, postero-median 
(thyroid) process ; sthy, M. sternohyoideus ; sthyat, attachment of M. sternohyoideus. 


The parahyoid is variable in shape and of no specific significance. The 
postero-median and postero-lateral processes are similar in both species. 


Laryngeal skeleton. 

Except for minor variations, specimens of both species agree with Trewavas’ 
description : “‘ arytenoid strongly concavo-convex, with produced, acute pharyn- 
geal corner projecting forwards. No pulvinaria vocalia or apical cartilage. Cricoid 
a complete ring with no well-marked processes except the bronchial processes ”’. 


Voice. 
Leiopelma, like Ascaphus, has no true voice. Occasionally, when a frog is handled 
in the field for the first time, or is otherwise alarmed, it utters a succession of 
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shrill ‘ chirping ’ cries, opening the mouth very widely at each call. This response 
to fear or pain, which is quite distinct from a mating call, is a well-known 
phenomenon among Anura and Urodela (Noble, 1931). Noble suggests that the 
sound is associated with the sudden complete or partial emptying of the lungs or 
buccal cavity. 


V. Tue Bony SxKvutu. (Fig. 16.) 


(a) Membrane bones. 


The parasphenoid has the usual flattened, dagger-like shape associated with 
anurans generally. The lateral wings do not quite reach to the ventral border of 
the fenestra ovalis. 

The frontoparietals are completely separated from each other and are variable 
in relative width and shape. In every case so far noted, the frontoparietal has 
possessed a more or less medial projection lying over the epiphysial cartilage. The 
frontoparietals may or may not be contiguous antero-laterally with the nasals. 

The two premaxillae (fig. 8B) are united by dense symphysial tissue which 
appears to be fibrous. Each has a dorsal or ascending process (pars facialis) 
which is often slightly forked posteriorly and which is supported by the cornu 
trabeculae and the superior prenasal cartilage. The shelf-like pars palatina of the 
premaxilla is supported by the ventral portion of the crista subnasalis. The bone 
is toothed. 

The septomaxilla is well developed and of the usual anuran triradiate nature. 
In its most anterior portion it is seen as a curved bone formed of two prongs 
(fig. 12). The lower and more medial prong forms a support for the anterior part 
of the infundibulum and a roof for the cavum medium, and its most medial portion 
is closely attached to the outer edge of the lamina superior. At times it is possible 
to see connective tissue between this cartilage and the bone, at others the two tissues 
appear to be continuous. The outer, more dorsal prong of the bone is supported 
laterally by the anterior portion of the planum terminale. Slightly farther back, 
and immediately in front of the union of the infundibulum and cavum medium, 
the septomaxilla divides into separate lateral and medial portions. The latter 
remains attached to the lamina superior throughout most of the length of this 
cartilage. The extreme dorso-lateral prong disappears, but a lateral piece of bone 
is continued back for a short distance in association with the ventral edge of the 
planum terminale, lying above the ductus nasolacrimus at the point where the 
latter enters the cavum medium. 

The palatal process of the maxilla is supported by the ventral block of the 
crista subnasalis. The ascending or facial process is supported anteriorly by the 
attachment of the crista to the solum and posteriorly by the lamina orbitonasalis. 
Teeth are present. 

The squamosal has the characteristic anuran T-shape. A quadratojugal is not 
developed. A firm ligament connects the ventro-lateral surface of the quadrate 
with the posterior tip of the maxilla. 

The pterygoid does not extend as far forward relatively as in Rana but ends 
some little distance behind the anterior limit of the orbit. Its anterior process 
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accompanies the pterygoid process of the palatoquadrate, the next invests the 
hyobasal process anteriorly and ventrally, while the third lies medially to the 
body of the quadrate, except in the actual region of articulation of the latter 
with Meckel’s cartilage. 

The nasals are irregular and somewhat variable in shape. Laterally they do 
not reach as far as the ascending portions of the maxillae, while medially they 
do not usually extend above the actual internasal wall. They may or may not 
meet the frontoparietals. In L. hochstetteri the nasals are often perforated by one 
(or even more) foramen for the exit of a branch of the ramus lateralis narium of 
the profundus nerve, or each bone may have a slight posterior forking for the 
same purpose. 


Fig. 16. 


Skull of Leiopelma hochstetteri. The sphenethmoid is shown.as if it were completely ossified. Actually, 
except in older specimens, it is rarely definable macroscopically. A, dorsal view ; B, ventral view. 
crs, crista subnasalis ; cf, cornu trabeculae ; epb, epiphysial bar ; exoc, exoccipital ; fet, fibrous 
connective tissue ; fn, fenestra narina ; fo, foramen opticum ; fp, frontoparietal ; lg, ligament ; 
lon, lamina orbitonasalis ; mz, maxilla ; na, nasal ; op, operculum ; pln, processus lingularis ; 
pmx, premaxilla ; pmaf, pars facialis of premaxilla ; pnp, processus prenasalis medius ; pro, 
pro-otic ; ps, parasphenoid ; pt, pterygoid ; g, quadrate ; sph, sphenethmoid ; sq, squamosal ;. 
vo, prevomer. 


Wagner (1934 b) is of the opinion that a palatine bone is present but that it is 
medially fused to the prevomer. Without developmental proof * it is difficult 
to prove or disprove this, but an alternative theory seems equally likely. Hach 
prevomer in Leiopelma has a medial and a lateral division, the former of which 
ends posteriorly in a tooth-bearing transverse bar situated close to the median 
line of the head and at the level of the posterior part of the choana. Fused to 
this median splint of bone is the lateral portion of the prevomer, which consists 
of a curved bony strip with anterior and posterior arms. The first of these points 
obliquely forward and outward across the palate to demarcate the choana 

* Four weeks after hatching, Leiopelma shows no trace of ossification either in prevomerine or 
palatine regions. In the next youngest stage of which I have material (approximately one year old), 


the bone (or bones) is completely formed. 
202 
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medially. The second reaches back to the antero-ventral border of the lamina 
orbitonasalis and lies along this in an obliquely transverse direction for a short 
distance. It does not reach either the maxilla or the sphenethmoid and in some 
cases only the outer tip of the bone overlaps the lamina. It seems possible that 
the posterior bony process described above, which is what Wagner regards as a 
palatine bone, may well be a postero-lateral process of the prevomer itself. The 
latter bone, even in Rana, consists of four splints or processes, the most posterior 
of which is essentially similar to that found in Letopelma and lies along the 
antero-ventral border of the lamina orbitonasalis in front of the palatine bone. 
Ascaphus lacks a palatine bone but lacks also a lateral prevomerine process 
(Noble, 1931; de Villiers, 1934). 


(b) Cartilage bones. 

The appearance of the sphenethmoid varies from specimen to specimen, 
depending apparently on the age of the animal. Wagner (1934 6), dealing with 
transverse sections of an adult L. archeyi, describes and illustrates in the septum 
nasi peripheral bony lamellae which are continuous with similar plates in the 
orbitosphenoid region. Each of these latter plates is separated from the 
parasphenoid by a tract of cartilage (part of the base of the cranium). From an 
examination of various dried skulls, the story appears to be as follows: 
perichondral ossification first occurs in the orbitosphenoid region and to some 
extent around the canales olfactorii and the nasal septum anterior to them. 
Enchondral ossification occurs first in the two curved plates representing the 
orbitosphenoids, so that these in macroscopic view appear to be isolated 
structures. From examination of skulls of very old frogs (L. hochstettert) it can 
be seen that enchondral ossification occurs as well in the nasal septum, forming 
a bone which tapers to a point in front and is continuous behind with the 
orbitosphenoid plates. The posterior extremity of each of the latter structures 
forms the anterior boundary of the corresponding optic foramen and terminates 
in two blunt projections. ; 

The extent and degree of ossification in the pro-otic and exoccipital also varies 
with age. The pro-otic and exoccipital of the same side commonly fuse together 
with increasing age, particularly on the dorsal surface. Each pro-otic has two 
anterior projections which surround the foramen pro-oticum. Initially dorsal 
and ventral strips of cartilage separate the pro-otics from each other, but this 
cartilage is later subjected to a considerable amount of irregular calcification. 
Each exoccipital ends posteriorly in the occipital condyle, the articulating portion 
of which remains cartilaginous.. The foramen jugulare and perilymphatic foramina 
are enclosed by the bone which forms internal and external perichondral lamellae 
prior to enchondral ossification. 

The quadrate ossifies as a separate element to form a triangular bone in the 
region of the palatoquadrate articulating with Meckel’s cartilage or, in later 
stages, with the articular. Its connections with the otic, hyobasal and pterygoid 
processes remain cartilaginous. Although an ossified quadrate is somewhat rare 
among Anura, it is present in Ascaphus (de Villiers, 1934), Scaphiophus 
holbrookvi (Ramaswami, 1935), Brachycephalus and Hemisus (McLachlan, 1943). 


‘ 
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VI. Tur Lower Jaw. 


The lower jaw bears no teeth. The dentary, lying on the lateral side of 
Meckel’s cartilage, fuses anteriorly with the mentomeckelian. The latter 
bone ossifies relatively late in Leiopelma. The symphysial tissue between the 
two mentomeckelian bones is formed very largely of procartilage which is quite 
clearly differentiated from Meckel’s cartilage. 

The angular lies on the medial side of the posterior portion of Meckel’s 
cartilage. It develops a coronoid process dorso-medially and contains large 
Marrow cavities. 


Fig. 17. 


ang 


Articular and quadrate bones, L. hochstetteri. A, angle of skull and lower jaw, ventral surface ; 
B, lower jaw turned back to show articular. ang, angular; art, articular ; pt, pterygoid ; 
q, quadrate. 


An articular occurs in the region of articulation between upper and lower jaws. 
It is a somewhat irregular, more or less triangular bone which is closely attached 
to the dorsal surface of the posterior region of the angular and is quite clearly 
differentiated as a cartilage bone (fig. 17). Apparently it ossifies at approximately 
the same time as the quadrate bone, with which it articulates. Among anurans 
an articular has been described in Ascaphus (de Villiers, 1934), and in Petropedetes 
(du Toit, 1943). In urodeles it is found only in the primitive genus Cryptobranchus. 
It is present in the Gymnophiona (de Beer, 1937). 


VII. THe CrantaL MuscuLATURE. 
In addition to the examination and reconstruction of several series of sections, 
use has also been made of descriptions of muscles given by Trewavas (1933) and 
Wagner (1934 a and b). 


M. levator mandibulae. 

Gaupp (1896) considered the division of this muscle in two groups, lateral and 
medial, according to their attachments to Meckel’s cartilage. The lateral group 
comprised the M. masseter major (=M. levator mandibulae externus+-M. levator 
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mandibulae anterior subexternus Edgeworth) and the M. masseter minor (=. levator 
mandibulae anterior lateralis Edgeworth). 

In Lewopelma the Mm. masseter major and masseter minor may be considered 
together, as they are almost completely united. Most posteriorly the combined 
muscle is attached to the squamosal and its dorsal edge is covered by the 
ventro-lateral portion of the M. depressor mandibulae. Ventrally it is free and 
slightly forked, the two ‘ prongs’ probably indicating the two separate muscles. 
The M. masseter lies entirely external to the r. mandibularis V and is innervated 
by it. 

Tracing the muscle forwards, one finds that as the otic process of the quadrate 
becomes attached to the auditory capsule, and the ventral and dorsal portions of 
the squamosal join, the attachment of the M. masseter passes onto the ventral 
surface of the zygomatic process of the squamosal. Here it remains in its forward 
course, the whole muscle lying externally to the M. temporalis externus. It is 
inserted at last, relatively far forward, on the ventro-lateral aspect of Meckel’s 
cartilage. 

The medial portion of the M. levator mandibulae consists in Rana temporaria 
of two muscles regarded by Gaupp (1896) as the M. temporalis (J. levator 
mandibulae posterior Edgeworth) and the M. pterygoideus (M. levator mandibulae 
anterior Edgeworth). In Letopelma the arrangement is somewhat different. One 
cannot clearly differentiate the M. pterygoideus from the M. temporalis, but the 
latter muscle has two divisions. These were described by Wagner (1934 a) as the 
M. temporalis externus and M. temporalis internus and it seems convenient to 
retain these names. 


M. temporalis externus. 

The M. temporalis externus originates dorso-laterally to the cranium in the 
orbital region, fibres from the muscle of each side being separated in the middle 
line only by fibrous connective tissue. A more lateral attachment is also found 
on the lateral region of the frontoparietal and probably represents the attachment 
of a M. pterygoideus. Farther back it is continued down onto the cartilage in 
front of the foramen pro-oticum, as is the attachment of the M. pterygoideus in 
Rana. Elsewhere, however, the M. pterygoideus is indistinguishable from the 
M. temporalis. 

The M. temporalis externus covers the foramen pro-oticum from the side and 
forms a thick powerful muscle reaching down to the lower jaw, where it has a 
wide attachment to the outer side of the coronoid process of the angular. It lies 
medial to and beneath the zygomatic process of the squamosal and, except at its 
ventral insertion, is very closely applied to the inner side of the M. masseter. 
Dorsally it overlies the auditory capsule, forming an important part of the dorsal 
fascia. 


M. temporalis internus. 

The ventral portion of the M. temporalis externus is succeeded posteriorly by 
the M. temporalis internus, which separates from it. This smaller muscle continues 
the insertion of the M. temporalis externus on the coronoid process, but more 
posteriorly sends its fibres to the dorso-medial aspect of Meckel’s cartilage. 
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Dorsally it is attached to the lateral portion of the quadrate, a few fibres 
extending also onto the descending process of the squamosal, below those of 
the M. masseter. Innervation of the M. temporalis is by a branch of the 
r. mandibularis V. 


M. submentalis (M. intermandibularis anterior Edgeworth). 

The unpaired M. submentalis lies ventrally in the angle of the chin, directly 
above the skin. Its fibres are transversely directed and are attached laterally 
to the ventro-medial aspect of Meckel’s cartilage. Innervation is by a branch 
of the r. mandibularis V. 


M. submazillaris (M. intermandibularis posterior Edgeworth). 


The Mm. submaxillares together form a thin sheet of muscle directly behind 
the M. submentalis, their fibres being transversely directed and meeting in a 
median raphé. Each muscle has two lateral attachments, the more anterior to the 
dorso-medial aspect of Meckel’s cartilage and the more posterior to the medial 
portion of the coronoid process of the angular. Innervation is by the 
r. mandibularis V. 


M. depressor mandibulae. 


In general terms the M. depressor mandibulae is a strong muscle which has 
several dorsal attachments and a ventral insertion on the extreme posterior portion 
of Meckel’s cartilage. Anteriorly it originates inside the cranio-quadrate passage, 
where it is attached to the ventral surface of the otic process (7.e. to the roof of 
the passage) and lies dorsally to the head vein and to the hyomandibular branch 
of the facial nerve. Farther back, when the quadrate has separated from the 
auditory capsule, the muscle continues its original attachment along the ventral 
side of the crista parotica. In addition it gains a second, more dorsal attachment 
to the top of the squamosal covering the crista. Soon the two attachments unite 
and the large muscle thus produced completely fills the space between the quadrate 
and the crista parotica. Still farther back the original, more medial attachment 
ends, its place on the crista parotica being taken over by the anterior portion 
of the M. cucullaris. More posteriorly the dorso-lateral attachment of the 
M. depressor mandibulae, 7.e. the dorsal continuation of the superficial fibres, 
is extended upwards to form part of-the doral fascia. The fibres in question 
largely cover the posterior portion of the M. temporalis externus and are finally 
inserted on the suprascapula. The main body of the M. depressor mandibulae 
(i.e. its more ventral portion) forms a dorso-lateral covering to the quadrate and 
runs down and back to its insertion on the hindmost end of Meckel’s cartilage. 

The innervation of the M. depressor mandibulae is clearly from a branch of the 
r. hyomandibularis VII. This r. muscularis divides into two, one nerve entering 
the deep portion, the other the superficial fibres of the muscle, both from its 
medial side. 

It seems clear from her text diagrams that Wagner (1934 a) confused the 
M. depressor mandibulae in its anterior region with the M. masseter major. Her 
figs. I and II (pp. 22 and 24) label the latter muscle incorrectly ; the further 
drawings are correct. 
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M. subhyoideus (M. interhyoideus Edgeworth). 

This muscle arises from the lateral side of the ascending portion of the ceratohyal 
and merges ventrally with the posterior end of the M. submaxillaris. Innervation 
is from a branch of the r. hyomandibularis VII. 


Mm. petrohyoider. (Fig. 15.) 

The Mm. petrohyoidei anterior and posteriores are united at their origin from 
the postero-ventral aspect of the crista parotica and from the dorso-lateral wall 
of the auditory capsule just behind it. They lie medially to the M. cucullaris. 

The M. petrohyoideus anterior, the broadest of the four muscles, passes ventrally 
around the pharynx to its attachment along the posterior border of the hyoid 
plate and the postero-lateral process. It is entered medially by twigs of the 
r. lingualis N. glossopharyngeus. 

The three Mm. petrohyoidei posteriores are variable in their amount of 
separation from one another. They are distinct at their points of attachment to 
the postero-median process of the hyoid, the first half-way along its length and the 
remaining two on the cartilaginous epiphysis. The exact innervation of the 
posterior muscles is not easy to detect. The M. petrohyoideus posterior IIT is 
entered on its outer side by a small nerve from the N. vagus. Apparently the 
M. petrohyoideus posterior II receives a twig from the same nerve but it is 
uncertain whether the M. petrohyoideus posterior I has a vagus innervation. 
The latter muscle receives, on its medial side, small twigs from the r. lingualis 
N. glossopharyngeus. 


M. cucullaris. 

The M. cucullaris originates partly from the postero-ventral aspect of the 
crista parotica and partly from the portion of the squamosal covering the crista. 
The attachment extends upwards to form part of the dorsal fascia but does not 
continue far posteriorly. The M. cucullaris lies between the M. depressor 
mandibulae and the Mm. petrohyoidei, while more posteriorly it is separated 
from the M. depressor mandibulae by the thymus. It is inserted on the 
antero-dorsal portion of the scapula. Innervation is, as usual, from the 
N. accessorius of the vagus. 


Laryngeal muscles. (Fig. 15.) 

The laryngeal muscles have been fully described by Trewavas (1933). The 
constrictor musculature is highly variable and a deep sphincteric layer may or 
may not be present. 


M. geniohyordeus. (Fig. 15.) 

The M. geniohyoideus is inserted on the antero-lateral region of the hyoid 
plate, immediately in front of the M. sternohyoideus and usually extending back 
for a short distance laterally to this muscle. It has no division into external 
and internal portions. 


M. hyoglossus. 


The muscle originates from the ventral surface of the posterior part of the 
bony postero-medial process and its cartilaginous tip. It may also have an 
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attachment to the postero-ventral part of the parahyoid bone. In L. archeyi 
the muscle is usually more or less wrapped around the postero-medial process, 
covering the latter on its inner aspect. The attachment is inclined to extend 
forward along the length of the postero-medial process in much the same way 
as described for Discoglossus (‘Trewavas, 1933). 


M. sternohyoideus. (Fig. 15.) 

In L. archeyi the M. sternohyoideus is inserted on the ventral surface of the 
hyoid plate, well separated from its fellow. It has also an attachment to the 
edge and sometimes to the ventro-lateral aspect of the parahyoid bone. In 
L. hochstetteri the attachments are the same, but the two muscles may meet in 
the middle line, dorsally to the M. hyoglossus. The area of attachment to the 
hyoid plate in this species is relatively greater than in L. archeyi, owing to the 
absence of a separate M. omohyoideus. 


M. omohyoideus. (Fig. 15.) © 
This muscle is developed as a separate entity in L. archeyi only, where it has 
an insertion on the hyoid plate adjacent to the M. sternohyoideus. 


M. opercularis. 

This muscle, part of the M. levator scapulae, is well developed in Leiopelma. 
It passes from the extreme postero-lateral region of the operculum to the anterior 
border of the suprascapula (fig. 5B). Its innervation is of some interest, as it 
seems to receive a few fibres from the small nerve (N. suboccipitalis) which leaves 
the cranial cavity between the skull and the first vertebra. This distribution of 
fibres is quite clear in early post-hatching stages of development but is somewhat 
obscured in adult specimens where the fibres leave the N. suboccipitalis more 
or less at its point of union with the N. hypoglossus. The commonly held theory 
of the function of the M. opercularis is the conveyance of auditory stimuli, 
received as vibrations by the fore limbs, to the inner ear. 


VIII. THe Craniat Nerves. (Figs. 18 and 19.) 
N. 1. Nervus olfactorius. 


In order to reach the nasal capsule from the cranial cavity, each olfactory 
nerve passes antero-laterally through a separate canal in the posterior region 
of the wide internasal. wall. Very soon after entering the capsule the nerve gives 
rise almost simultaneously to dorsal and ventral trunks, the former of which 
runs forward for a short distance ventral to and very close to the profundus. 
Each branch breaks into several smaller nerves which supply the epithelium of the 
nasal sac. Farther forward the main trunk divides several times to form a number 
of terminal branches. One of these (or a subdivision of it) passes to the recessus 
medialis of the cavum inferius, the so-called Jacobson’s organ. 


N. II. Nervus opticus. 

The optic nerve, which runs antero-laterally on its course from the brain to 
the eye, fills only a small part of the large optic foramen. The rest of the latter 
is covered by fibrous tissue, which also forms a sheath around the nerve. 
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N. III. Nervus oculo-motorius. 


The oculomotor foramen is usually separated from. the opening for the 
ophthalmic artery by-a small strip of cartilage, but occasionally artery and nerve 
have the same exit (fig. 2B). Much variation occurs once the oculomotor nerve 
has reached the orbit, but two branches, a ramus superior and ramus inferior 
respectively, are always produced. The oculomotor nerve usually has a connection 
with the N. profundus V which lies dorsal to it. 

The ramus superior passes to the M. rectus superior, which lies above the 
profundus. The ramus inferior stays for a time in close association with the 
ventro-medial border of the M. retractor bulbi but does not supply this muscle. 
It innervates the Mm. rectus internus, rectus inferior and obliquus inferior. 

_ Just outside the cranial cavity one or more patches of ganglionic cells invariably 
occur in association with the N. oculo-motorius. These are undoubtedly cells of 
the ciliary ganglion. A connection with the sympathetic chain probably occurs 
by means of the branch joining N. III with the profundus, the latter in turn 
arising from the trigeminal ganglion to which sympathetic fibres are known to pass. 


alt if Lae y , = . Erni efor 
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Graphical reconstruction of the brain and cranial nerves of L. hochstetteri, lateral view.. cb, cerebellum ; 
cut, Nn. cutanei from ganglion IX+X; io, r. infraorbitalis Vmax; InVp, r. lateralis narium 
profundus V; mnVp, r. medialis narium profundus V; I-X cranial nerves; Vd, 
r. mandibularis inferior V ; Vmz, r. maxillaris superior V ; VmaadVII, r. comm. c.N. palatino ‘ 
Vp, rv. ophthalmicus profundus V; VIIrc, r. communicans VII ad IX; VHg, geniculate 
ganglion ; VIIAmd,’r. muscularis M. depressor mandibulae ; VIIhmi, r. mandibularis internus 
r. hyomandibularis VII ; VIIhy, r. hyoideus r. hyomandibularis. VII ; VII, r. palatinus VII ; 
IXph, r. pharyngeus IX ; IX, r. lingualis IX ; Xac, N. accessorius; Xmus, r. muscularis 
(M. petrohyoidei) X ; IX-+-Xg, combined ganglion of ninth and tenth nerves. 


N. IV. Nervus.trochlearis. 


At approximately the level of the anterior border of the optic foramen, or 
slightly in front of it, the fourth nerve leaves the cranial cavity by a small foramen, 
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emerging just outside the lateral border of the frontoparietal (fig. 4). Either the 
whole nerve, or its ventral branch in the case of a division, unites with a dorsal 
twig from the N. profundus V (fig. 18). After a short time the combined nerve 
divides into several branches, all possibly containing mixed fibres from IV and V. 
Two or three twigs enter the M. obliquus superior, while smaller twigs pass up to 
the skin and underlying tissues. 


N. V. Nervus trigeminus. 


The large Gasserian ganglion practically fills the cavity of the foramen 
pro-oticum and may extend slightly forward or back beyond the limits of the 
latter. Three main nerves and occasionally a fourth emerge from the ganglion. 


(i.) Ramus opthalmicus profundus V. 


From the anterior of the Gasserian ganglion the r. profundus passes forwards 
to the snout, lying close against the inner wall of the orbit. Near its origin it has 
some form of communication with the dorsal branch of the N. oculo-motorius, 
while a little farther forward a dorsal branch of the r. profundus (probably 
corresponding to part of the ramulus ophthalmicus profundus minor of Siren 
(Norris, 1913) and Xenopus (Paterson, 1939) joins with the N. trochlearis. The 
main trunk of the r. profundus crosses the optic nerve dorsally and supplies at 
least one branch of the skin before leaving the orbit by the foramen orbitonasale. 

A general description of the branches of the profundus within the nasal capsule 
is made extremely difficult by the occurrence of very marked individual variation. 
Not only do separate animals vary in this respect, but the two sides of the same 
frog are sometimes strikingly different. The nerve passes from orbit to nasal 
capsule by means of the orbitonasal or profindus canal. In two or three instances 
a separate small branch of the profundus, produced well back in the orbital region, 
has entered the nasal capsule by a small dorso-lateral foramen of its own in the 
lamina orbitonasalis, recalling to some extent the condition in Urodela. The 
main trunk divides usually shortly after entering the canal, but in some cases 
does not do so until the canal has merged ventrally with the nasal capsule. The 
branch nerve produced corresponds to the r. lateralis narium in Rana and passes 
gradually outwards dorsal to the epithelium of the nasal sac. It may or may not 
produce one or two fine twigs which leave the capsule by exits separate from that 
of the r. lateralis itself. In L. hochstetteri, where the capsule is largely enclosed 
by cartilage, the ultimate course of the latter differs from that in L. archeyi where 
the foramen dorsolateralis is greatly enlarged. In the former species the 
r. lateralis narium usually produces two branches, the first of which often passes 
straight up through the roof in the region of the lamina orbitonasalis. The 
second branch emerges through a lateral foramen or through a slight forking in 
the nasal bone. In one case the nasal was seen to be pierced by two foramina for 
the two branches. In L. archeyi one main lateralis trunk only is developed. 
This emerges into the foramen dorsolateralis a short distance in front of the 
lamina orbitonasalis and ventro-lateral to the cartilaginous connecting bar when 
the latter is present. 

’ The remaining trunk of the profundus, the ramus medialis narium, remains 
2P2 
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close to the nasal septum through most of its length and may produce from one to 
several branches. It lies dorsal to the N. olfactorius and branches of the two 
nerves may come into close association with one another. The branches of the 
ramus medialis narium (and their twigs, if these are produced) leave the nasal 
capsule by separate small foramina (as many as five or six) in the roof or side wall 
of the nasal capsule. They are distributed to the skin and connective tissue 
overlying the capsule. 

Anteriorly in Rana the ramus medialis narium passes ventrally to the crista 
intermedia on its passage to the foramen nasobasale. In Letopelma, where the 
foramen is more dorsally placed, the nerve passes dorsal to the crista intermedia. 
Much variation occurs in the relationships of the fenestra nasobasalis, the foramen 
frontale, and the nerves which pass through them. Usually, however, the 
r. medialis narium produces a fairly large twig, the r. externus narium. The 
latter turns vertically upwards, lying close to the nasal septum, and passes through 
the small foramen frontale in the roof of the anterior part of the nasal capsule. 
Sometimes two twigs may pass through this foramen, and occasionally two 
separate openings are found together. The foramen frontale may occur in front 
of, or behind the level of the fenestra nasobasalis. In the former case the 
r. externus narium may accompany the r. medialis narium through the fenestra 
nasobasalis before cutting up through the septum, and in such cases the foramen 
frontale is medial instead of lateral to the fenestra nasobasalis. 

The r. medialis narium is usually undivided during its passage through the 
fenestra nasobasalis but may be accompanied by a branch nerve produced farther 
back. Once in the subnasal space the r. medialis narium remains undivided 
beneath the septum until the latter has separated from the capsules. The nerve 
then breaks into a varying number of branches supplying the anterior region of 
the snout. A ventral branch curves downwards and forms an anastomosis with 
the lateral terminal branch of the ramus palatinus VII, or with this nerve and 
the medial terminal branch combined. From this prenasal anastomosis irregular 
fine twigs arise to supply the mucous membrane covering the pars palatina of the 
premaxilla. 


(ii.) Ramus maxillaris superior V. 

The root of the r. maxillaris V arises dorsally to that of the r. mandibularis V. 
The maxillary nerve at first turns straight upwards and then dorso-laterally 
through the M. temporalis externus until it lies between this muscle and the skin. 
It then performs a downward and slightly forward curve until it comes to lie 
in the connective tissue beneath the lower eyelid. While still in the orbital region 
it divides into three branches, which may subdivide variously. For a short 
time all three branches remain dorsal to the pterygoid bar of the palatoquadrate 
and to the maxilla, but in turn all curve ventrally either laterally or medially 
to the maxilla. The first nerve to turn downwards corresponds to the main trunk 
in Rana after the r. communicans c. N. palatino and the r. infraorbitalis have 
been given off, but in Letopelma it is the smallest of the three branches. It curves 
laterally around the maxilla until it reaches the ventro-lateral border of the bone, 
where it breaks into fine irregular twigs, the rr. cutanei maxillares, which are 
distributed to the skin. 
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- The second branch, the r. infraorbitalis, also turns downwards laterally to the 
maxilla, but does not descend so far ventrally as the previous nerve. It divides 
into several branches, one of which accompanies the nasolacrimal duct through 
part of its length. Apparently no connection exists between the r. infraorbitalis 
and the r. lateralis narium of the profundus, as is the case in Rana. 

The third branch, the r. communicans c. N. palatino, unites with a branch 
of the r. palatinus VII medially to the maxilla. A small nerve trunk, the 
r. palatonasalis, arises from this anastomosis but is of greatly diminished importance 
compared with that of the same nerve in Rana. It remains for a time in the angle 
between the pars palatina of the maxilla and the planum antorbitale, supplying 
a few twigs to the mucous membrane of the pars palatina, but usually disappears 
before the anterior limit of the planum antorbitale is reached. It will be seen 
that the maxillary nerve as a whole does not extend as far forward and is of less 
importance in the nasal region than that of Rana. In this respect Leiopelma 
approaches towards the condition in Urodela, where the r. profundus largely 
takes over the function of the maxillary nerve in the snout. 


(iii.) Ramus mandibularis inferior V. 


This branch of the fifth nerve at first takes a lateral and slightly anterior course 
from its origin in the Gasserian ganglion. It then passes dorsally to the hyobasal 
process of the palatoquadrate and eventually turns in a ventral direction to run 
between the M. temporalis externus and the M. masseter, both of which muscles 
it supplies. In front of the attachment of the M. masseter, the nerve curves 
beneath the lower jaw and appears on the medial side of the latter, - passing 
forward in this position to the anterior of the jaw. It produces several branches 
which supply the M. submaxillaris and the skin of the lower jaw. The nerve 
terminates in the M. submentalis. 


(iv.) Ramus communicans V ad VII. 


In one or two cases, especially in fairly young animals, a small ventral nerve 
with a separate root of its own arises from the Gasserian ganglion. It passes 
downwards antero-medially to the hyobasal process and enters the dorsal region 
of the ganglion geniculatum. 


N. VI. Nervus abducens. 

The sixth nerve leaves the cranial cavity through the pro-otic foramen, close 
to the ventral surface of the Gasserian ganglion, but not combined with the latter. 
The nerve supplies the M. retractor bulbi and sends twigs also to the M. tectus 
internus. 


N. VII. Nervus facialis. (Figs. 5A, 18 and 19.) 

The seventh nerve leaves the medulla oblongata in company with the eighth. 
As it passes forward it separates from the latter and has communication in some 
form or other with the N. abducens and with the sympathetic trunk. The facial 
nerve leaves the cranial cavity through a ventro-lateral foramen o* its own 
(fig. 3) and does not pass through the auditory capsule. The geniculate or facial 
ganglion is not, as in Rana, united with the Gasserian ganglion. Instead, it is 
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entirely extra-cranial (fig. 7) and is entered dorsally. by the root of the seventh 
nerve. It gives rise antero-ventrally to the r. palatinus and laterally to the 
r. hyomandibularis. Occasionally a fine nerve may be found connecting the 
ganglion facialis with the ganglion pro-oticum, as described above. 


Fig. 19. 
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Graphical reconstruction of posterior region of chondrocranium of L. hochstetteri, dorsal view, to show 
nerves, internal carotid artery and lateral head vein. Only a small portion of the roof of the 
chondrocranium is shown. On the left side the auditory capsule and quadrate are shown 
as if cut horizontally just below the level of the otic process, while on the right side the cut is 
much lower. Posteriorly, on the latter side, the capsular cartilage has been removed to show 
the ninth and tenth nerves, while anteriorly it has been removed to show the floor (otohyoid 
ledge) of the hyomandibular canal. The hyobasal process, the quadrate and the anterior 
wall of the otohyoid ledge are shown as if cut at a lower level than the auditory capsule. Cut 
surfaces are indicated by broken parallel lines. aoph, a. ophthalmica magna ; ch, ceratohyal ; 
epb, epiphysial bar ; ff, foramen N. facialis ; fo, foramen opticum ; fp, foramen pro-oticum ;. 
hbp, hyobasal process ; heaw, anterior wall of hyomandibular canal ; Isc, position of lateral 
semicircular canal ; oa, occipital arch ; occ, occipital condyle ; op, operculum ; othl, otohyoid 
ledge ; g, quadrate ; ts, tectum synoticum ; vel, vena capitis lateralis; vep, vena cerebris 
posterior; II-X, cranial nerves; Vmd, r. mandibularis V; Vmza, r. maxillaris V; 
Vp, r. ophthalmicus profundus V ; VIIA, r. hyomandibularis VII; VIIp, r. palatinus VII ; 
VIlvc, r. communicans VII ad IX; VIIIa, r. acusticus anterior ; VIIIm, r. acusticus medius ; 
VIII», r. acusticus posterior. 


(i.) Ramus palatinus. 

The palatine nerve lies entirely outside the cranial cavity. Its terminal branches 
are to some degree variable but it usually divides into two rami medially to the 
choana. Both branches pass forward between the toothed portion of the prevomer 
and the mucous membrane of the palate. Farther forward, when the teeth have 
disappeared, the more lateral nerve curves outwards until it reaches the lateral 
edge of the solum. When medial and postero-lateral portions of the prevomer 
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join, the nerve lies in a dorsal groove in the fused bone and continues to maintain 
its position at the edge of the solum after the prevomer has ended. The medial 
branch, often very fine, lies ventro-laterally to the septum and later ventrally 
to the cornu trabeculae. In these positions the medial and lateral nerves extend 
forward into the prenasal space, where a variable anastomosis of both branches 
with a branch of the r. medialis narium occurs. In some cases the medial branch 
of the palatine does not extend as far forward as the cavum prenasale and takes 
no part in the prenasal anastomosis. 


(ii.) Ramus hyomandibularis. 

On leaving the geniculate ganglion the hyomandibular nerve immediately 
enters the hyomandibular canal (or hyomandibular groove in cases where no 
anterior wall for the canal exists). The canal leads directly to the cranio-quadrate 
passage where, after a short time, the r. hyomandibularis receives a fine branch, 
the r. communicans VII ad IX. Just before the r. communicans is received, a 
small but usually compact ganglion (figs. 5A and 18) appears above the 
hyomandibular nerve. Patches of ganglionic cells are usually found close to this 
point in the Urodela but are not commonly described in the Anura. They would 
be unlikely to be seen in dissection, but only in microscopic section. Francis (1934) 
is certain that the ganglion in question in Salamandra is connected with the 
sympathetic nervous system. Above the hyoid cornu and close to the quadrate 
the hyomandibular nerve divides into three branches :— 

(a) r. muscularis to M. depressor mandibulae. This is the smallest of the three 
branches. It divides into two or three branches which enter the deep portion of 
the muscle. 

“(b) r. mandibularis internus (probably homologous with the chorda tympani of 
mammals). This nerve, the most ventral of the three branches, passes down 
between the hyoid cornu and the quadrate, after which it turns sharply forward 
and lies for a time at the side of the buccal cavity. Eventually it reaches the 
inner side of the lower jaw, a position it maintains until the anterior region of the 
head is reached. Although it approaches the r. mandibularis V, no anastomosis 
between the two nerves occurs. 

(c) r. hyoideus. This nerve passes back between the quadrate and the thymus, 
then curves downwards to run forward on the outer side of the hyoid cornu. 
It enters the M. subhyoideus ventrally and supplies this muscle. 


N. VII. Nervus acusticus. 


The most interesting feature of the innervation of the inner ear in Leiopelma 
is the presence of three separate nerves which pass through three separate foramina 
(figs. 3 and 19). Close to the origin of the combined seventh and eighth roots from 
the medulla, the foramen acusticum posterius opens to the inner ear, well below the 
level of the foramen endolymphaticum. In this opening lies the large ganglion 
acusticum posterius, from which arise two nerve trunks, branches of the ramus 
acusticus posterior. The latter innervate the ampulla posterior and the papilla 
basilaris of the pars basilaris respectively. It is not easy to.make an exact line of 
demarcation between the ganglion acusticum posterius and the ganglion acusticum 
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anterius, as the two are connected to some extent by nerve cells. The ramus 
acusticus medius, which according to Wagner arises from the ganglion acusticum 
anterius, passes through the foramen acusticum medium to the macula sacculi. 
Farther forward the anterior ganglionic swelling becomes more apparent and the 
seventh nerve separates off ventrally. Finally the ramus acusticus anterior passes 
through the foramen acusticum anterius. It gives off (Wagner, 1934) a small 
ramulus acusticus to the macula recessus utriculi before dividing to supply the 
crista acustica of the anterior and lateral ampullae. 


Nn. IX+X. Nervi glossopharyngeus +vagus. 

The roots of the ninth and tenth nerves unite to form a common trunk shortly 
after leaving the brain and while still within the cranial cavity. The combined 
fibres pass through the foramen jugulare and enter the large glossopharyngeus-vagus. 
ganglion. Arising dorsally from this ganglion are two small nerves apparently 
carrying general cutaneous fibres which pass up dorsally through the overlying 
muscles to the skin over the occipital region (fig. 18). In L. archeyi they supply 
the glandular ridge behind the eye. No lateral line organs occur in Levopelma 
at any stage of development. 


N. 1X. Nervus glossopharyngeus. 


The fibres of the ninth nerve separate out from the vagus antero-laterally to the 
ganglion and ventrally to the tenth nerve. The ramus communicans VII ad 1X 
is produced, while the main nerve is still dorsal to the operculum. Maintaining 
this dorsal position and in company with the vena capitis lateralis and the 
r. auricularis a. cutanea, it runs forward to join the hyomandibular branch of 
N. VII. The N. glossopharyngeus curves outwards over the top of the operculum. 
Externally to the latter it divides into two branches :— 

(i.) Ramus pharyngeus (R. pre-trematicus). 

(ii.) Ramus lingualis (R. post-trematicus). 
(i.) Ramus pharyngeus. 

This branch, the smaller of the two, at first runs forward ventro-laterally to the 
operculum. After a short distance it curves down to the lateral surface of the 
pharynx, passing between the common carotid trunk and the hyoid cornu as it 
does so. It appears to supply the pharynx. Ventro-laterally to this organ the 
nerve passes forward again, lying dorsal to the hyoid cornu and ventral to the 
posterior part of the tongue. Farther forward it crosses to the medial side of 
the cornu and anastomoses with a branch of the r. lingualis before entering the 
M. hyoglossus. 

(ii.) Ramus lingualis. 

This nerve makes an outward and downward curve, remaining dorsal and 
lateral to the common carotid artery and medial to the M. petrohyoideus anterior. 
It lies very close to this muscle and sends twigs into it, as well as into the 
M. petrohyoideus posterior I. After following the course of the common carotid 
fairly closely, the r. lingualis turns down behind the carotid gland and then pursues 
a forward course, this time lying ventrally to the M. petrohyoideus anterior. It. 
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runs first below the postero-lateral process of the hyoid, later becoming dorso-lateral 
to the hyoid plate. In this position it continues forward, but before entering the 
M. hyoglossus as the main sensory nerve to the tongue it divides into a number 
of branches, one of which anastomoses with the r. pharyngeus. 


N. X. Nervus vagus. 


The tenth nerve runs forward on top of the operculum and beyond it, lying dorsal 
to the branches of the ninth. It curves gradually outward and makes a ventral 
turn between the Mm. petrohyoidei posteriores and the M. cucullaris. In this 
position the N. accessorius is produced from the main trunk of the vagus, 
immediately entering the M. cucullaris on its medial side. Smaller nerves from the 
vagus also pass into the M. petrohyoideus posterior III, and as far as can be seen 
into the M. petrohyoideus posterior II. Ventrally to the level at which these 
rr. musculares arise, the main trunk of the vagus divides, at first into two and by 
later subdivision into several nerves. The usual laryngeal, cardiac, pulmonary 
and gastric branches are produced. 


IX. THE BLoop-VESSELS OF THE Heap. (Fig. 20.) 


; Arteries of the head. 
The carotid arch. 


The a. carotica externa passes forward from the large ‘carotid gland’ to. 
supply the tongue. Soon after its origin it sends a large branch to the thyroid 
gland. 

The a. carotica interna extends laterally from the carotid gland, curves around 
the angle of the jaw and crosses ventrally over the lateral arm of the parasphenoid, 
just as in Rana. It then turns inwards, passing ventrally to the ganglion 
geniculatum and producing an a. palatina which accompanies the palatine nerve 
forward above the mucous membrane of the buccal roof. Behind the lamina 
- orbitonasalis an anastomosis occurs between the a. palatina and a descending 
branch of the a. orbitonasalis. 

The course of the internal carotid artery beyond the origin of the a. palatina 
is superficially different from that in Rana, though in development both are 
similar. Whereas in Rana the original carotid foramen on each side becomes 
confluent with the corresponding oculomotor foramen through the absorption of 
- intervening cartilage, thus giving each adult artery the appearance of entering 
the cranial cavity through the lateral opening, Leiopelma retains its primary carotid 
foramina. Each foramen is approached from behind by a short but definite 
groove (fig. 2B) which houses the artery. This depression, however, is not quite 
comparable to the groove in urodeles, as it is not covered by the parasphenoid 
but lies slightly lateral to its blade. The carotid foramina are in the same 
transverse plane as the foramen pro-oticum and that part of the pituitary which 
is most anterior in section. Once inside the cranial cavity the a. carotica interna 
divides into an a. ophthalmica magna and an a. cerebralis (fig. 19). In Hana, 
because of the absorption of cartilage mentioned above, the a. ophthalmica magna 
is produced before the internal carotid enters the cranium (de Beer, 1937). 
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The a. ophthalmica magna in Leiopelma leaves the cranial cavity farther 
forward from its point of entrance by a separate ophthalmic foramen. Rarely 
the latter is united with the oculomotor foramen. Once in the orbit the 
a. ophthalmica magna gives off a small branch which enters the connective tissue 
around the optic nerve. The main artery continues outwards to the eye, lying 
within the funnel of the M. retractor bulbi and maintaining a position posterior 
to the optic nerve. Close to the eye it divides into two terminal branches, each 
of which enters the eye through a separate foramen in the sclerotic cartilage. 
The opening for the ventral branch is more lateral than that of the dorsal artery. 

In the adult no trace of an a. stapedialis from the a. carotica interna can be 
found. It is, however, important during development. | 


Fig. 20. 


ss Pre TTT 


vfac amxs apal ame at rmi ace rth ica cgi 

Graphical reconstruction of the blood-vessels of the head of L. archeyt, lateral view. Of the veins, 
only the vena capitis lateralis and its tributaries are shown ; only the root of the a. carotica 
externa has been illustrated. ace, a. carotica externa; acer, a. cerebralis ; acm, a. cutanea 
magna ; ame, a. mandibularis externa ; amxs, a. maxillaris superior ; aoc, a. occipitalis ; aom, 
a. ophthalmica magna; aorn, a. orbitonasalis; ap, a. pulmonaris; apal, a. palatina; 
ai, a. temporalis; cgi, carotid gland; fep, foramen caroticum primarium ; forn, foramen 
orbitonasale ; ica, a. carotica interna ; raur, r. auricularis ; rd, r. dorsalis ; rdes, r. descendens ; 
rf, v. frontalis; rl, r. lateralis; rmi, r. mandibularis interna; rmn, r. medialis narium ; 
rth, rv. thyroideus ; vcerm, v. cerebris medius ; vcerp, v. cerebris posterior ; vcl, v. capitis 
lateralis ; vfac, v. facialis ; vji, v. jugularis interna ; voc, v. occipitalis ; vos, v. orbitalis superior ; 
vpal, v. palatina. 


The systemic arch. 


The a. occipitalis is the only major vessel from the systemic arch which supplies 
the head. It arises near the middle line, close behind the skull, and passes upwards 
until the top of the head is reached. Here it runs forward, at times partly embedded 
in the dorsal muscles, but emerging beneath the skin behind the orbit. At this 
point it bifurcates into its two terminal divisions, the a. orbitalis and the 
a. temporalis. The former, like its namesake in Rana, remains dorsal to the orbit 
in its forward course. More anteriorly it comes into close association with the 
r. ophthalmicus profundus V, entering the orbitonasal canal in company with 
this nerve. While still in the orbit the a. orbitonasalis produces two branches. 
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The first supplies the Harderian gland, then turns ventro-laterally and crosses 
over the top of the lamina orbitonasalis, finally ending in the skin. This branch 
probably corresponds to the rr. frontales of Rana. The second branch, the 
r. descendens, turns ventrally behind the lamina orbitonasalis and unites with 
the a. palatina. Once through the orbitonasal canal the a. orbitonasalis produces 
two small lateral branches, while the remainder of the artery, corresponding to the 
r. medialis narium (fig. 13), continues forward through the capsule in ultimate 
association with the N. olfactorius. Finally it emerges with the r. medialis narium 
profundus V through the foramen apicale into the prenasal space, where it ramifies 
among the tubules of the intermaxillary gland, The first lateral branch of the 
a. orbitonasalis within the capsule runs forward dorso-laterally to the cavum 
principale and ends in the epithelium of this sac. The second lateral branch also 
passes dorso-laterally, but leaves the capsule through a foramen in the nasal 
bone and ends in the skin. 

. The a. temporalis, like that of Rana, curves down behind the eye and in front 
of the M. temporalis until it reaches the outer side of the upper jaw. Here it 
turns forward as the a. maxillaris superior. I have not been able to trace this very 
far forward and do not know whether an anastomosis occurs betweeen it and a 
terminal branch of the a. orbitonasalis. In Rana (Gaupp, 1899) the a. temporalis 
turns backwards from the point where the a. maxillaris superior is produced, and 
unites with the r. auricularis a. cutanea magna. ‘This is also the case in Leiopelma, 
although the method of union may vary. Usually the a. temporalis joins the 
r. auricularis externally to the quadrate and squamosal, but in one case the 
a. temporalis passed through the cranio-quadrate passage from the orbit. Szarski 
(1948) has shown that the anastomosing vessel between systemic and pulmo- 
cutaneous branches is not invariably present in anurans. 


The pulmo-cutaneous arch. 


The main cutaneous artery (a. cutanea magna) passes forwards and upwards 
until it reaches a position dorso-lateral to the operculum. Here it divides into 
three branches. The posterior two correspond to the r. dorsalis and r. lateralis 
of Rana, while the third and most anterior is the r. auricularis. It lies at first 
lateral but soon dorsal to the operculum, above and external to the vena capitis 
lateralis. It sends a small ventral branch to the thymus and one or more twigs to 
the M. depressor mandibulae. In one specimen of L. archeyi a fine branch passes 
up dorsally from the r. auricularis through a foramen between the crista parotica 
and the auditory capsule. This vessel supplies blood to the parotoid gland. In 
Urodela, branches of the a. pharyngea ascendens, a vessel of systemic origin which 
is thought by Francis (1934) to be the morphological equivalent of the r. auricularis, 
pass upwards to supply the parotoid gland. The r. auricularis enters the cranio- 
quadrate passage from behind but does not proceed very far within it. Instead, 
it runs down ventrally in front of the operculum and curves forward again over the 
quadrate. Here it produces a fine branch which at first lies dorsal to the M. 
submaxillaris but later becomes ventral to this muscle and supplies it. This 
probably corresponds to the r. mandibularis interna of Rana. Slightly farther 
forward from the origin of this branch, the anastomosis between the r. auricularis 
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and the a. temporalis occurs. The a. auricularis terminates as a fairly large 
artery, which must represent the a. mandibularis externa of Rana, although in that 
genus the vessel in question is derived from the a. temporalis. It lies on the ventral 
side of the lower jaw and supplies it throughout its length. 


Veins of the head. 


Only the vena capitis lateralis is described. 


Vena capitis lateralis. 

In Rana (Gaupp, 1899) the veins draining the nasal capsule unite to form a 
vessel which passes through the orbitonasal canal to the orbit and runs back 
dorsally to the eye. In Leiopelma, although I have examined several series of 
sections of two species, I have not been able to find a similar vessel. Many veins 
are clearly seen draining even the most posterior regions of the nasal sac, but the 
position seems to be that they drain forward instead of back and the blood is 
ultimately collected by a vessel which passes through the olfactory canal into the 
cranial cavity and eventually emerges through the foramen pro-oticum. <A small 
vessel, often difficult to trace, drains blood from the region above the eye and is 
probably best called the vena orbitalis superior. It passes back to the pro-otic 
foramen and joins the large vein emerging from the cranial cavity through this 
opening (fig. 19). 

One or more veins draining the skin of the snout come to lie close to the naso- 
lacrimal duct when the latter emerges from the cavum medius. These cutaneous 
veins are joined by one or more vessels draining the lateral regions of the nasal 
sacs and emerging above and below the processus lingularis. A vein is probably 
received also from the Harderian gland, though it is difficult to trace with certainty. 
The combined venous trunk passing back dorsally to the maxilla corresponds to 
the v. facialis of Rana. Close to the origin of the a. maxillaris superior it begins 
a dorsal course behind the eve, uniting on its way with the v. ophthalmica 
draining the eye and eye-muscles. Reaching the pro-otic foramen it unites with 
the main vein from the cranial cavity. The veins of the brain are difficult to 
elucidate in this region, much confusion being caused by the many small vessels 
of the endolymphatic sac. Usually, however, one large vessel is formed from 
tributaries of the brain itself, the pituitary and the saccus endolymphaticus, and 
part of the nasal sac. This vein usually passes through the foramen pro-oticum 
ventrally to the r. ophthalmicus profundus V, but may occupy a dorsal position. 
Outside the cranial cavity it unites, as previously described, with the v. orbitalis 
superior and the v. facialis. The v. capitis lateralis then begins its course 
posteriorly. It receives soon the v. palatina draining the mucous membrane of 
the palate and formed of a least two major tributaries. The v. capitis lateralis 
passes over the top of the hyobasal process, enters the cranio-quadrate passage 
and lies dorso-laterally to the otohyoid ledge. Farther back it is dorso-lateral to 
the operculum and accompanies the r. auricularis a. cutanea magna and the 
r. comm. VII ad IX (fig. 19). 

The posterior region of the brain and cranial cavity, but not the spinal canal, 
is drained by a vein which forms from the postero-lateral corner of the choroid 
plexus and emerges from the cranial cavity through the foramen jugulare. It lies 
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_ dorsally to the combined trunks of the ninth and tenth nerves (fig. 19). It passes 


laterally to join with the vena capitis lateralis. The presence of this posterior vein 
in Leiopelma is particularly interesting and it has apparently not been recorded 
in any other adult anuran. Clearly it is the vena cerebris posterior, a survival 
of the posterior part of the embryonic vena capitis medialis. In L. archeyi, up 
to four weeks after hatching, the v. cerebris anterior is also present as a separate 
vessel with its own opening through the cranial wall. Apparently it later becomes 
part of the vena cerebris medialis passing through the pro-otic foramen. 


X. SPECIFIC DIFFERENCES OBSERVED IN THE HEADS OF L#IOPELM ARCHEYIA 
AND LEIOPELMA HOCHSTETTERI. 


(External measurements and proportions are not included.) 


(1) A parotoid gland is present behind each eye in L. archeyi but absent in 
L. hochstetteri. 

(2) In L. archeyi the notochordal sheath is exposed dorsally in the posterior 
region of the basal plate, anterior to the condyles, while in L. hochstetteri the 
notochord in this region is covered dorsally and ventrally by cartilage. 

(3) In L. archeyi the otohyoid ledge has an antero-dorsal connection with the 
floor of the auditory capsule, so that the hyomandibular nerve lies in a definite 
tunnel. In L. hochstetteri the antero-dorsal connection or wall may be missing and 
the hyomandibular nerve may therefore lie in either a groove or a tunnel. In 
the latter case the anterior wall of the tunnel is relatively short from side to side. 

(4) Differences between the two species occur in the side wall of the nasal capsule 
behind the fenestra narina and in the rate of formation of the fenestra dorsolateralis. 
These differences affect also the arrangement of exits from the nasal capsule of 
ramuli of the r. lateralis narium profundus V. 

(5) The arrangement of the ‘ Rachendriise ’ differs in the two species. 

(6) A large but unidentified gland opens into the anterior region of the cavum 
principale in L. hochstettert but is absent in L. archeyt. 

(7) Anterior and alary processes of the hyoid skeleton are present in L. hochstetteri 
but absent in L. archeyt. 

(8) In L. archeyi the M. omohyoideus has an insertion of its own on the hyoid 
plate, while in L. hochstetteri its insertion is indistinguishable from that of the 
M. sternohyoideus. 


XI. SUMMARY OF THE KNown ADULT CRANIAL CHARACTERS OF 
LEIOPELMA AND ASCAPHUS. 


The information concerning Ascaphus is derived solely from the following 
sources: Noble (1931), de Villiers (1934), Wagner (1934 a and 6) and Pusey (1938, 
1943). The comparison is by no means complete. 


Characters shared by both genera. 
(1) The parachordals are fused below the notochord. Except in L. archeyt, the 
notochord in the posterior region of the basal plate is also covered dorsally by 
cartilage. 
(2) A tectum synoticum and taeniae tecti marginales are present but no taenia 
tecti medialis occurs. 


296 ELSIE M. STEPHENSON : 


(3) Three acustic foramina are present in the medial wall of the auditory capsule. 

(4) Superior and inferior perilymphatic foramina are present, opening into the 
cranial cavity proper and not into a recessus scalae tympani. 

(5) The operculum is large. The M. opercularis passes from it to the supra- 
scapula. Apart from the operculum, middle-ear structures are completely absent. 

(6) A ledge of cartilage is present beneath the floor of the auditory capsule. 
Laterally it has a fusion with the ceratohyal. In both genera it articulates closely 
with the ‘ basal process’ and it forms the floor of a canal or groove for the 
r. hyomandibularis VII. It is connected with the auditory capsule in front of 
and behind the nerve, except in the case of L. hochstettert, where it may be free 
anteriorly. In the development of L. archeyi, N. G. Stephenson (1948-49) has 
shown that the ledge (otohyoid ledge) and basal (hyobasal) process are of hyoid 
arch origin and not part of the auditory capsule or the mandibular arch. Fusion 
of the hyobasal process with the quadrate is secondary and a true basal process 
does not apparently occur. A basitrabecular process is absent. In Ascaphus, 
however, the ledge is fused with the cranial base to form an apparent basitrabecular 
process. But there is at present no developmental evidence to show that this 
process develops from the neurocranium outwards and not as an ingrowth of the 
ledge. In view of the origin of the otohyoid ledge and hyobasal process in 
Leiopelma, it seems likely that structures similar to these in Ascaphus have a similar 
origin. 

(7) A prefacial commissure separates the facial nerve from the trigeminal nerve. 

(8) The internasal wall (septum nasi) is broad and flattened. Its tapering 
anterior extension forms a median prenasal process reaching almost to the anterior 
of the snout. 

(9) Both the superior prenasal cartilage and the alary cartilage are firmly 
incorporated in the nasal skeleton. 

(10) A cartilago obliqua is not differentiated in Leiopelma. de Villiers (1934) 
mentions a cartilago obliqua for Ascaphus but his diagrams do not indicate it as 
a structure separate from the tectum nasi. 

(11) The olfactory eminence is barely indicated. 

(12) The recessus sacciformis and both the ‘ Wiilste’ described by Gaupp for 
Rana are absent. i 

(13) The ductus nasolacrimus divides posteriorly into dorsal and ventral ductlets. 
which have separate openings on the dorsal surface of the lower eyelid. 

(14) A prechoanal sac (pre-oral buccal cavity) is present. 

(15) The ‘ Rachendriise ’ or palatal gland is in two separate parts, median and 
ventral. The general condition of the gland in Ascaphus appears to resemble that 
of L. hochstettert rather than that of L. archeyt. 

(16) In Ascaphus and L. hochstetteri an anterior process is developed on the 
hyoid plate but it is absent in L. archeyi. 

(17) In Ascaphus and L. archeyi an alary process is absent, but it is present in 
L. hochstettert. 

(18) A parahyoid bone is present. . 

(19) The frontoparietals do not meet medially but are separated by tough, 
fibrous connective tissue. 

(20) A quadratojugal is absent. 


THE ANATOMY OF THE HEAD OF THE NEW ZEALAND FROG, LEIOPELMA. 297 


(21) In Ascaphus a prevomer is present but a palatine is absent. It seems 
likely that the the same condition prevails in Leiopelma, but the bone in question 
may possibly represent a fused prevomer and palatine. 

(22) The sphenethmoid has paired ‘ orbitosphenoid ’ plates. 

_ (23) A true quadrate bone is present. 

(24) A mentomeckelian and an articular are both developed as ossifications in 
Meckel’s cartilage. 

_ (25) A M. temporalis externus and a M. temporalis internus are developed. 


Characters in which Leiopelma and Ascaphus differ. 

(1) An epiphysial bar occurs in Leiopelma but is absent in Ascaphus. 

(2) In Letopelma the root of the facial nerve has its own foramen in the floor 
of the cranial cavity, medially to the auditory capsule. It does not enter, or even 
appear to enter, the auditory capsule. In Ascaphus the root of the facial nerve 
passes through the foramen acusticum anterius while still fused with the auditory 
nerve. From thence it appears to run in the cavity of the auditory capsule until 
the geniculate ganglion is reached. But actually the facial nerve, after it parts 
from the auditory nerve, is separated from the capsule by the membranous floor 
of the latter above it. 

(3) In Leiopelma the root of the palatine nerve is free anteriorly and both it 
and the geniculate ganglion are extra-cranial. They lie ventrally to the trigeminal 
foramen. In Ascaphus the geniculate ganglion actually lies in the palatine foramen, 
which is ventral and lateral to the divided trigeminal foramen. The root of the 
palatine nerve passes forward through the foramen housing the geniculate ganglion. 

(4) In Letopelma the foramen pro-oticum is undivided. In Ascaphus it is 
divided in front into upper and lower openings by a bony bridge which is recognized 
by Pusey as the root of the ascending process. 

(5) In Ascaphus a muscular process is developed dorso-laterally from the 
quadrate but is absent in Levopelma. 

(6) The crista subnasalis in Leiopelma is of peculiar structure, whereas in 
Ascaphus it appears to be of the normal anuran type. 

(7) The two short isolated rods of cartilage which in Leiopelma may be found 
close to the middle line beneath the palatal processes of the premaxillae have not 
been described for Ascaphus and are presumably absent. 

(8) In Leiopelma the ductus nasolacrimus opens into the cavum medium. 
In Ascaphus it opens equally into a diverticulum of the infundibulum and the 
cavum medium. 

(9) A glandula nasalis lateralis is present in Leiopelma but absent in Ascaphus. 

(10) In L. hochstettert, tubules of an unidentified gland open into the anterior 
region of the cavum principale. A similar gland is apparently absent in Ascaphus. 

(11) Ossification of the sphenethmoid in the ethmoidal region of Ascaphus does 
not apparently occur. As the condition of this bone varies with age in Leiopelma 
it is possible, however, that the same state of affairs may exist for Ascaphus. 

(12) The Mm. masseter major and masseter minor are separate in Ascaphus but 
almost completely united in Leiopelma. 

(13) In Leiopelma the r. hyomandibularis VII is associated in the cranio-quadrate 
passage with a small compact ganglion. It receives a r. communicans VII ad IX 
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and produces a r. muscularis, a r. mandibularis internus and a r. hyoideus. In 
Ascaphus the r. communicans VII ad IX joins the r. hyomandibularis VII as a 
double nerve. More than one r. muscularis may be produced. 

(14) In Letopelma a vein, which is a survival of the v. cerebris posterior, drains 
the posterior region of the brain and cranial cavity and leaves the latter through 
the foramen jugulare. A similar vein has not been described for Ascaphus but quite 
possibly exists. 

(15) In Leiopelma a N. suboccipitalis (N. spinalis I) persists and is functional 
in the adult, emerging between the skull and the first neural arch. A similar nerve 
has not yet been described for Ascaphus. 


XII. Discussion oF THE Hyorp APPARATUS. 


In considering the relationships of the Leiopelmatidae with the Discoglossidae, 
certain points of interest emerge from a study of the hyoid apparatus. Any 
comparison is necessarily incomplete, as no information is available regarding the 
adult musculature of the hyoid plate and larynx of Ascaphus. 

(1) The geniohyoideus muscle in Leiopelma and the Discoglossidae retains the 
primitive condition found in urodeles, 7.e. its posterior attachment ends in front 
of the anterior attachment of the M. sternohyoideus or slightly lateral to it. 
Discoglossus (Trewavas, 1933) has a very small slip of the M. geniohyoideus inside 
the M. sternohyoideus, attached to the parahyoid bone. In most, if not all, other 
Anura (except probably Ascaphus) the internal portion of the M. geniohyoideus 
extends back to the end of the postero-median process. 

(2) Ascaphus, Leiopelma, Discoglossus, Alytes, Pelodytes, Pelobates and Rhino- 
phrynus have a parahyoid bone which is apparently homologous in all these genera 
and which is not found in other Anura. De Beer (1937) points out that this bone 
may be homologous with the similarly named membrane bones in Polypterus and 
teleosts. 

(3) The absence of alary processes in Ascaphus and in L. archeyi and their 
presence in the Discoglossidae was regarded by Trewavas (op. cit.) as a feature 
which might be thought to indicate an affinity between Leiopelma and Ascaphus 
as against the Discoglossidae. With the discovery of distinct alary processes in 
L. hochstetteri, however, this difference loses its previous significance. 


XIII. Discussion ON THE BASAL CONNECTION BETWEEN THE QUADRATE 
AND THE NEUROCRANIUM. 


Among the many controversial problems connected with the morphology of the 
amphibian head, considerable attention has been given in recent years to the 
questions listed below. At the present time they are far from being solved in a 
manner that is generally acceptable. 

(1) Is the structure known as a ‘ basal process ’ in modern Amphibia a true basal 
process, 27.e. the upper end of the mandibular arch which is directed towards the 
neurocranium, with or without fusion? Alternatively, has it some other origin 
in one or all of the orders ? 

(2) Is there a true basitrabecular process in living Amphibia ? 

(3) What is the significance of the so-called ‘ facial canal’ when it occurs ? 
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(4) Although the columella auris in Amphibia seems definitely to be of hyoid 
origin, what is its exact homology ? 

Included among workers whose research bears on one or more of these points, 
the following must be mentioned :— 

Gaupp (1893), investigating early stages of Rana, cast doubts on the quadrate 
origin of the basal process. However, in a 37 mm. embryo, he found a connection 
between the two and maintained that a true basal process was present. 

Stadtmiiller (1924), while studying the development of Salamandra, found that 
in the larva the basal process is fused with the skull. Later an outgrowth of 
connective tissue occurs in such a way that the medial portion of the process remains 
fused to the skull, while the rest of the basal process separates from it. The medial 
portion forms the base or floor of a canal which houses the hyomandibular branch 
of the facial nerve. 

De Beer (1926) considered the relationships of the palatine nerve to the so- 
called basal process in Anura. Because of the fact that the palatine nerve passes 
down in front of the process instead of behind it, de Beer decided that it could not 
be a true.basal connection but rather an attachment to the neurocranium involving 
a post-palatine commissure. He proposed the name ‘ pseudobasal process’, a 
term which has been largely adopted by more recent workers. 

Jn 1931 Kruijtzer, studying Megalophrys montana (Pelobatidae) and Alytes 
(Discoglossidae), gave details of the origin of the basal process. He found that in 
both genera it arises quite independently of the quadrate as an ‘ anlage ’ of cartilage 
lying ventrally to the auditory capsule. In Alytes a mesenchymatous ligament 
connects it with the plectrum. During metamorphosis the basal process becomes 
cartilaginous and fuses with the quadrate. The r. hyomandibularis VII emerges 
in front of and dorsal to the basal process, and in Megalophrys it is accompanied 
by the stapedial artery. The basal process is connected to a dorsal process on the 
medial side of the quadrate, which fuses with the crista parotica. 

In an endeavour to interpret these facts, Kruijtzer put forward the theory that 
the so-called basal process of Megalophrys and Alytes, by reason of its relationships 
to the a. carotica interna, the v. capitis lateralis and the r. hyomandibularis VII, 
is homologous with a cartilaginous structure in Ceratodus, which is of known hyoid 
origin and lies ventrally to the anterior region of the auditory capsule. The 
cartilage in question has been variously interpreted as a hyomandibula (epihyal) 
(Fiirbringer, 1904; Krawetz, 1911), a pharyngohyal (Schmahlhausen, 1923) and an 
otoquadrate (part of an epihyal) (Edgeworth, 1923 c). Kruijtzer regards the basal 
process of Alytes and Megalophrys, the otoquadrate of Ceratodus and the stapes of 
Urodela as a pharyngohyal. Further, he regards part of the crista parotica as a 
laterohyal. According to his view the plectrum in Alytes is an epihyal (fish 
hyomandibula) because, after metamorphosis, the ceratohyal forms a well-developed 
joint with it. As de Beer (1937) has pointed out, Kruijtzer’s views involve three 
dorsal ends to the hyoid arch and therefore require much substantiation before 
they can be accepted. 

Pusey (1938) studied the development of the mandibular arch in Rana and also 
made partial reconstructions, based mainly on drawings of single sections made 
by de Villiers (1934) and Wagner (1934), of adult heads of Leiopelma and Ascaphus. 
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In 1943 he sectioned and reconstructed the head of a single, partly-grown larva of 
Ascaphus. He states clearly that this larva was probably one-half to two-thirds 
grown and that very little young cartilage was present. From his study of Rana 
Pusey came to regard the pseudobasal process as being derived from the antero- 
lateral face of the auditory capsule, in front of the foramen ovale. He found that 
later the pseudobasal process became separated from the auditory capsule by 
fibrous connective tissue and was secondarily fused to the quadrate. On Pusey’s 
view the true basal process of the frog has been anteriorly displaced and is 
represented by the quadrato-cranial commissure. The latter is lost at metamor- 
phosis. Pusey regards the pseudobasal process in Anura as the outer end of an 
original basitrabecular process, the root of which has been lost. On this hypothesis 
the pseudobasal process would also be partly composed of post-palatine commissure. 
The fusion of the pseudobasal process to the quadrate is secondary ; so also is the 
jointed articulation which it later forms with the auditory capsule. The latter 
arrangement gives an apparent resemblance to the condition of this region in 
Urodela. 

In Ascaphus, part of the floor of the auditory capsule remains membranous 
instead of chondrifying. The apparent floor to the capsule is formed of a 
cartilaginous ledge which is actually the floor of the hyomandibular canal and is 
fused to the auditory capsule in front of and behind the nerve. Medially it is 
united to the neurocranium and laterally projects as a free shelf which receives the 
attachment of the ceratohyal. The connection of the ledge with the neurocranium 
lies anteriorly to the root of the palatine nerve and is regarded by Pusey as a 
true basitrabecular process, 2.e. one that has been derived from the basal plate 
outwards. The more lateral portion of it, which lies behind the root of the nerve, 
is the post-palatine or lateral commissure. Pusey thinks that the capsule grows 
down laterally and medially onto the plate of cartilage. Pusey calls the * basal 
process ’ of Ascaphus the ‘ posterior basal process’. He regards this as being part 
of the true basal process, of which the more anterior portion is represented by the 
quadrato-cranial commissure. 

Following upon the differing views indicated above, the work of N. G. Stephenson 
in connection with the development of Leiopelma archeyi is of considerable interest. 
The cartilage of the auditory capsule is definitive at an early stage of intracapsular 
development, the floor is quite complete and has a definite perichondrium. Still 
at an early stage, an irregular mass of procartilage begins to form in a single piece 
beneath the anterior region of the auditory capsule. It is connected by a faint 
but distinct mesenchymatous tract of cells to the ceratohyal below it. It is 
definitely not a part of the auditory capsule, but is quite distinct from it and of 
later formation. Significantly the r. hyomandibularis VII lies dorsally to it. 
Furthermore, from the earliest appearance of this procartilaginous structure in 
the intracapsular embryo until about the end of the first week after hatching when 
its chondrification is relatively advanced, it is seen to be pierced by an artery which 
comes directly from the internal carotid artery and can only be the a. stapedialis. 
Later this blood-vessel disappears. At about the second week after hatching, a 
joint appears in the chondrifying tissue. The upper, medial portion becomes 
attached to the floor of the auditory capsule in front of and behind the hyoman- 
dibular nerve, thus forming a canal, while the lower, more lateral portion gains a 


THE ANATOMY OF THE HEAD OF THE NEW ZEALAND FROG, LEIOPELMA. 301 


secondary attachment to the quadrate and forms the ‘ basal’ process of the adult. 
At about the third week after hatching, the ceratohyal becomes attached to the 
outer, posterior region of the cartilaginous ledge and the adult condition as 
described on p. 259 is reached. 

From these facts N. G. Stephenson claims that the floor of the facial canal and 
the basal process of the quadrate are of hyoid origin. For the basal process he 
proposes the term ‘hyobasal’ process, while for the cartilaginous floor of the 
hyomandibular canal Professor D. M. 8. Watson suggests the use of the term 
‘ otohyoid ledge ’. 

Having reached the conclusion that these structures are actually hyoidean in 
origin, one is faced with the unenviable task of attempting to decide with which 
process of the hyoid arch the two structures described above, or more correctly 
the original block of procartilage from which they were differentiated, can be: 


homologous. 


If we make a comparison first with the hyomandibula of Selachii and Teleostomi,. 


we find an interesting result. 


de Beer (1937). 


SELACHII. 
Hyomandibula. 


TELEOSTOMI. 
Hyomandibula. 


The five points of comparison are those used by 


LEIOPELMA, 
Otohyoid ledge and 
hyobasal process. 


The dorsal element of the hyoid The dorsal element may chon- Chondrification occurs in one: 


arch (hyomandibula) chondri- 
fies in one piece. 


The dorsal end of the hyomandi- 
bula articulates with the wall 
of the auditory capsule medially 
and ventrally to the head vein. 


The r. hyomandibularis VII 
passes out in front of and 
dorsally to the hyomandibula. 


Contact between the ventral end 
of the hyomandibula and the 
mandibular arch occurs dorsally 
to the r. mandibularis internus ; 
i.e. the nerve is ventral to the 
hyomandibular ligament. 


The ceratohyal remains directly 
attached to the hyomandibula. 


drify in one piece or in two 
portions (dorsal hyomandi- 
bula and ventral symplectic). 
These may remain separate 
or may fuse. 


The dorsal end of the hyomandi- 
bula articulates with the wall 
of the auditory capsule later- 
ally and dorsally to the head 
vein. 


The r. hyomandibularis VII 
passes out either behind, 
through, or in front of the 
hyomandibula, or forks around 
it. 


Contact between the ventral end 
of the hyosymplectic and the 
mandibular arch occurs ven- 
trally to the r. mandibularis 
internus, i.e. this nerve is 
dorsal to the quadrato-sym- 
plectic ligament on its way to 
Meckel’s cartilage. 


The ceratohyal'is attached by 
an independent cartilage, the 
interhyal or stylohyal, to the 
hyomandibula or symplectic. 


piece which later becomes 
two elements jointed together. 


The fusion of the otohyoid 
ledge to the auditory capsule, 
and the articulation of the 
hyobasal process, are medial 
and ventral to the head 
vein. 

The otohyoid ledge unites with 
the auditory capsule in front 
of and behind the r. hyoman- 
dibularis VII. The anterior 
wall of the hyomandibular 
canal may be missing. The 
nerve is dorsal to the ledge. 


Contact between hyobasal pro- 
cess and quadrate (mandi- 
bular arch) occurs dorsally 
to the r. mandibularis 
internus. 


The ceratohyal is attached 
directly to the outer end of 
the otohyoid ledge. 


22 
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It will be seen, then, that the combined otohyoid ledge and hyobasal process 
of Leiopelma agrees very closely with the selachian hyomandibula but not with 
that of Teleostomi. The general opinion seems to be that the selachian 
hyomandibula is homologous with that of Teleostomi (Goodrich, 1930; de Beer, 
1937), in spite of the discrepancies in relationships. Apparently it is impossible 
to decide whether the hyomandibula consists of an epihyal alone or whether a 
pharyngohyal is also included. 

If we look at the condition in Dipnoi we find a great deal of interest. Edge- 
worth (1923) made a careful investigation of development in Ceratodus and 
met with the following facts. In an 11mm. embryo the quadrate, Meckel’s 
cartilage and auditory capsule are chondrified. The quadrate has a cartilaginous 
basal process continuous with the junction of trabecula and parachordal, an 
ascending process and an otic process, which are not yet chondrified. At the 
13 mm. stage a curved tract of mesenchymatous cells passes upwards and slightly 
forwards from the ceratohyal to a position below the auditory capsule. It is not 
yet attached to the capsule. Shortly afterwards, this tract of cells divides into 
three parts. The upper end begins to chondrify and is ‘‘ connected by a narrow 
neck to the floor of the junction of the auditory capsule with the parachordal ”’. 
Edgeworth regards the whole of the original tract as the epihyal, the upper portion, 
over which runs the r. hyomandibularis VII, as an ‘ otoquadrate’, the middle 
portion as an interhyal, and the lowest part the suspensorial ligament. In a 
17-5 mm. embryo the outer end of the otoquadrate cartilage joins the inner surface 
of the otic process of the quadrate, while the chondrified interhyal joins the hind 
part of the otic process. 

It is the otoquadrate cartilage which Kruijtzer (1931) regards as being homologous 
with the pseudobasal process of Anura and the stapes of Urodela. Although the 
dangers of comparison between dipnoan and amphibian structures are great, the 
resemblance in the formation and morphological relationships of the hyobasal 
process-++otohyoid ledge in Leiopelma, the pseudobasal process of other Anura, 
and the otoquadrate of Ceratodus, seem too striking to be ignored. Although the 
otoquadrate is clearly of hyoid origin, its homologies have been variously inter- 
preted as described above (p. 299). If Schmahlhausen’s and Kruijtzer’s inter- 
pretation is correct, the structure in question is a pharyngohyal. Kruijtzer goes 
further in suggesting that the plectrum of Alytes is an epihyal and that the crista 
parotica, or part of it, is a laterohyal. As he suggests that the stapes (columella) 
of Urodela is a pharyngohyal, he apparently does not regard the columella of 
Anura and Urodela as homologous. It is possible that this may be the case and 
that this fact may account for the differing relationships of the hyomandibular 
nerve to the columella in the two orders, but it is not by any means proved. When 
considering the Urodela (and Gymnophiona), one is dealing with animals whose 
developmental morphology is comparatively unknown and it is therefore very 
difficult to make detailed comparisons. One point that is possibly significant 
comes from the work of Stadtmiiller (1924) on Salamandra (see above: 1.e. the 
resemblance in the formation of the floor of the hyomandibular canal and the 
secondary joint with the basal process to the condition found) in Leiopelma. 
Stadtmiiller does not indicate that the basal process is originally independent from 
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the quadrate and it may quite well be a true basal process of the mandibular arch. 
On the other hand, in view of the close resemblance to the condition in Leiopelma 
indicated above, the detailed study of very early developmental stages of Salamandra 
might prove extremely interesting. Should the basal process of Urodela also 
prove to be a hyoid origin, then Kruijtzer’s views on the homology of the urodelan 
columella and the pseudobasal process of Anura could hardly be correct. 

Without venturing any further on the battleground of columella homology, 
one may suggest that the pseudobasal process in Anura (and possibly the basal 
process in Urodela) and the columella are both processes of the hyoid arch, but that 
the claim of the pseudobasal process and the otohyoid ledge (if present) to represent 
the primitive hyomandibula is probably the greater. 

With regard to the apparent basitrabecular process in Urodela, de Beer (1937), 
having considered evidence from various sources, states that the existence of a 
basitrabecular process in Urodela (and in Dipnoi) is difficult to prove ‘‘ owing to 
the precocity with which the pterygoquadrate undergoes autosystylic fusion with 
the neurocranium (and which might involve either a basal or a basitrabecular 
process, or both) ”’. 

Letopelma does not appear to give any support to Kruijtzer’s view that part 
of the crista parotica is a laterohyal, or even that it is a part of the hyoid arch. 

Quite obviously, if the hyobasal process+-otohyoid ledge in Leiopelma and the 
pseudobasal process in Alytes and Megalophrys are formed from a structure 
comparable to a hyomandibula, these facts are opposed to Pusey’s theory (1938, 
1943) of the origin of the pseudobasal process. On his view, the posterior basal 
process of Ascaphus is part of a true basal process, which would imply its mandibular 
origin. Part of the hyomandibular canal is basitrabecular in origin, and part is 
formed of post-palatine commissure. Pusey’s hypothesis, as applied to ‘ modern- 
type’ frogs, postulates the formation of the pseudobasal process partly from the 
outer, detached end of the basitrabecular process and partly from the post-palatine 
commissure. But Pusey has no evidence as to the early embryological formation 
of the structures in question in Ascaphus. From the similarity in structure of the 
basal process and hyomandibular canal (except for the neurocranial connection) 
in Leiopelma and Ascaphus, and the apparently conclusive proof that they are of 
hyoid origin in Leiopelma, it seems reasonable to suppose that they may also be of 
hyoid origin in Ascaphus and that the apparent basitrabecular process is actually 
formed by the growth of cartilage inwards from the otohyoid ledge, rather than a 
growth from the trabecula outwards. These points can, of course, only be settled 
conclusively by a study of really early larval development in Ascaphus. 

Pusey regards the cartilaginous floor and medial wall of the auditory capsule in 
Ascaphus as having been lost in response to the backward movement of the 
basitrabecular process to form the apparent floor and medial wall of the capsule. 
He regards this condition as being more primitive than that in which the floor 
is complete from early development. But if we turn to the Urodela we find that 
we get complete or incomplete chondrification of the auditory capsule in different 
animals, all of which have an apparent ‘ basitrabecular’ process. De Beer (1937) 
regards the condition in Amblystoma, which has a complete cartilaginous floor from 
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early stages onwards, as more primitive than that in those forms which have 
membranous walls. 

If the block of cartilage which forms beneath the auditory capsule in Leiopelma 
represents, as it seems to do, the whole or part of a fish hyomandibula, one is faced 
with two interpretations. Either it represents a primitive condition which has 
been maintained through from its fish ancestry, or it is quite secondary. With 
regard to the first possibility, the cartilage certainly possesses most of the relation- 
ships of a selachian hymandibula. It must be remembered also that in many 
other respects the head of Leiopelma is more primitive than that of the majority 
of Anura. On the other hand, a true basal process has apparently been lost in the 
Anura. The union of the hyobasal process and the quadrate has essentially taken 
the place of an original true basal process, but this fusion is obviously secondary. 
By this means the hyomandibular does, however, retain in the Anura a highly 
interesting suspensorial function. 

Clearly, what is needed is further very detailed work on early stages of all groups 
of Amphibia, using not one but many specimens, and covering sufficient stages to 
obtain a complete story in each case. 


XIV. SuMMARY. 


An attempt has been made to present a full account of the anatomy of the head 
(exclusive of the inner ear) of Leiopelma. Material from two species, Lezopelma 
archeyi and Leiopelma hochstetteri, has been studied and the head of the latter is 
here described for the first time. 

As far as possible, comparison has been made with the head of Ascaphus, the 
only other genus included in the same primitive anuran family. 

Specific differences between Leiopelma archeyi and Levopelma hochstetteri are 
described and listed. 

A possible homology is suggested between the processus lingularis of Anura and 
Seydel’s palatal process of Urodela. 

Particular emphasis is placed on the controversial topic of the basal connection 
between the quadrate and the neurocranium. An historical account of previous 
ideas on this subject is included, followed by a discussion based on the view that 
‘the ‘ basal’ or ‘ pseudobasal’ process of Levopelma, together with the ledge of 
cartilage forming the floor of the hyomandibular canal, are of hyoid origin. 
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The myelinization of the central nervous system of the American water snake 
(Natrix sipedon). By Francis JAMES WARNER.* 


(Plates I-[X, comprising figures 1-29.) 


[Communicated by Dr. Epwarp Hinpie, F.R.S., F.Z.S.—Received May 31, 1950.] 
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INTRODUCTION. 


The study of the myelinization of the fibre tracts of the central nervous system of 
Natriz sipedon was undertaken with the object of furnishing a basis of comparison of 
the myelogeny of a reptile with that of amphibia, marsupials and other mammals. 
In the past there has been little or no reported work on this aspect of reptilian 
comparative neurology. Paul Flechsig (1876, 1903 and 1908) made a detailed 
study of the sequence of myelinization of the fibre tracts in the human central 
nervous system. Flechsig came to the conclusion that the fibre tracts became 
myelinated in definite chronological sequence, and that fibres of related functional 
systems became myelinated at thesame time. Schroeder (1911) has made a detailed 
study of the medullation of the fibre tracts of the forebrain of the bird. 

There may also be noted the work of Tilney & Casamajor (1924) on the mye- 
linogeny of the central nervous system of kittens. They studied in addition the 
behaviour reactions of kittens in relation to the stage of myelinization of the central 
nervous system. Tilney & Casamajor indicated that, as a result of their observa- 
tions, they were convinced that the assumption of function and medullation of 
fibres in the kitten occur at the same time. Cornwall (1927) studied the nature of 
the origin of myelin in the rat. 

Langworthy (1928) studied the behaviour of pouch young opossums, as correlated 
with the myelinization of the fibre tracts in the central nervous system. He noted 
that the first myelinated fibres occurred at the cervical level of the spinal cord. 
The various fibre tracts became myelinated in the order in which they have 
developed phylogenetically. He also stated that his observations were suggestive, 
but by no means conclusive, evidence that the fibre tracts of the central nervous 
system became medullated at the time when they became functional 

* From the Section of Neuro-anatomy of the School of Medicine of Yale University, New Haven, 
Conn., the Pavlovian Laboratory of the Phipps Psychiatric Clinic of the School of Medicine of the Johns 
Hopkins University, Baltimore, Md., and the Department of Anatomy, University College, London. 

VOL. XXVII.—PART I. No. 1.—1952. 2s 


308 | FRANCIS JAMES WARNER ON THE 


Langworthy (1929) made a detailed study of the development of reflexes in 
foetal and young kittens, correlating it with the myelinization of the various fibre 


tracts of the central nervous system. He noted that myelinization occurred first at | 


the cervical level of the spinal cord, and proceeded in a caudal direction. The 
ventral spinal nerve roots became medullated before the dorsal roots ; the vestibular 
nerve, vestibulo-spinal tract and medial longitudinal fasciculus became medulated 
early; and the vestibular and spino-cerebellar fibres reached the cerebellum relatively 
early. The other cerebellar connections, however, became myelinated much 
later. The posterior columns of the spinal cord became medullated slowly, and the 
fasciculus cuneatus fibres became medullated earlier than those of the fasciculus 
gracilis. The cortico-spinal fibres first showed evidence of becoming medullated 
about two weeks after birth. The various fibre tracts became medullated in the 
order of their phylogenetic development. ; 

Langworthy (1930) also studied the myelinization of the central nervous system in 
the seventh month human foetus. He noted in this human material, that the order 
of fibre-tract myelinization was similar to that in the opossum and in the kitten, 
the fibre tracts becoming medullated in the order of their phylogenetic development. 
Windle, Fish, & O’Donnell (1934) studied the myelogeny of the cat, especially 
in its relation to prenatal behaviour patterns. They concluded that the develop- 
ment of myelin improved the conduction of reflex activity in these fibre tracts, but 
that myelinization was not correlated with function in the absolute sense. 

Kreht (1940) made a detailed study of the myelogeny of amphibia. He noted 
that the medial longitudinal bundle medullated very early, and the lateral lemniscus 
medullated at a somewhat later stage ; the motor tegmentum also became medul- 
lated early. The tectal component of the tractus tecto-bulbaris et spinalis became 
medullated considerably later than the tegmental part of this fibre system. The 
dorsal arcuate fibres (octavo-motorius fibres) medullated very early. 

The oculomotor, abducens and trigeminal nerve roots as well as the octavus 
fibre system (lateral line system), and the radix vestibularis became medullated 
very early. This was also true of the motor root of the facial nerve. The roots of 
the trochlear nerve, the optic nerve and vagus nerve roots, however, became 
medullated late. In amphibia the fibre systems of the tectum mesencephali, 
cerebellum, diencephalon and forebrain became medullated quite late. In the 


diencephalon the first fibre systems to be medullated were the optic tracts and the 
basal forebrain bundles. 


MATERIALS AND METHODS. 


Nineteen embryos of the American water snake (Natrix sipedon) were available 
for this work. ‘They were embedded in celloidin, and fifteen of them were sectioned 
in the transverse plane, four in the sagittal plane. All the stages were stained with 
the Weigert-Pal stain. The stages ranged from 125 mm. to 238 mm., the 238 mm. 
specimen representing the stage of post-embryonic development attained at 24 
hours after birth. 

It is realized that there are many pitfalls in the identification of fibre tracts in 
Weigert-Pal stained material. Conclusions as to the origin and termination of 
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fibre tracts in such material, without resort to the experimental Marchi fibre tract 
degeneration method, are subject to error. However, in this work the identification 
of fibre tracts and their nomenclature has so far as possible followed that used by 
Kappers (1921), Huber & Crosby (1926), Shanklin (1930), and Weston (1936), in 
their work on the central nervous system in various reptiles. 


DESCRIPTION. 
Natrix sipedon, 125 mm. 


At the cervical level of the spinal cord of a 125 mm. Natrix sipedon embryo, some 
myelinated fibres may be seen in the ventral funiculus of the spinal cord. No 
medullated fibres can be seen in the lateral or posterior funiculi ; the fibres of the 
ventral funiculus are probably short intersegmental fibres. The intramedullary 
ventral nerve rootlets are not yet medullated, and the extramedullary part of the 
ventral nerve rootlets are likewise not medullated. At the caudal extremity of the 
medulla there is a number of myelinated fibres in the medial longitudinal bundle. 
The root of the hypoglossal nerve is faintly medullated. 

In the medulla at the level of the vestibular and acoustic nerve roots the vestibular 
root of the eighth nerve contains a small number of finely medullated fibres. The 
cochlear root shows no evidence of any medullated fibres as yet. A few finely 
medullated fibres run dorsomedially from the motor cells of the reticular formation 
to join the medial longitudinal bundle of the same and opposite sides. These 
fibres run caudally in the medial longitudinal bundle, and inasmuch as the medial 
longitudinal bundle is not yet medullated in the spinal cord, they terminate in the 
brain stem. They constitute therefore a group of reticulo-bulbar fibres. Lang- 
worthy (1928) has noted similar reticulo-bulbar fibres in early stages of opossum 
embryos. The medial longitudinal bundle, at this level, contains a number of 
medullated fibres. The motor root of the facial nerve can likewise be seen, con- 
taining a small number of fine myelinated fibres. 

At the level of the motor trigeminal nucleus, the motor roots of the arate 
nerve show a number of medullated fibres (Pl. I, fig. 1, R.M.V.). Only a very few 
faintly myelinated fibres are seen in its sensory root (Pl. I, fig. 1, R.S.V.). In 
the medial part of the medial longitudinal bundle there are a few medullated fibres 
(Pl. I, fig. 1, #.0.P.). A small number of fine reticulo-bulbar fibres run dorso- 
medially from the lateral reticular formation to join the medial longitudinal bundle 
of the same and opposite sides (PI. I, fig. 1, Ret.Bl.). A few fine medullated fibres lie 
in the mesencephalic root of the trigeminal nerve (PI. I, fig. 1, R.Mes.V.) and at the 
level of the caudal extremity of the midbrain, a few finely medullated fibres lie 
in the medial extremity of the medial longitudinal bundle. Rostral to this level, 
however, no evidence of any medullated fibre tracts can be noted. 


Natrix sipedon, 138 mm. 


The intramedullary ventral nerve roots of the spinal cord contain a number of 
finely medullated fibres, and the extramedullary portions of the ventral nerve 
roots likewise show evidence of having a few fine medullated fibres. No medullated 
fibres can be seen either in the intramedullary or extramedullary portions of the 


dorsal root fibres. At the cervical level of the spinal cord the ventral funiculus 
Oy s 2? *) 
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contains a considerable number of myelinated fibres. The ventral commissure 
contains a small number of faintly myelinated fibres (Pl. I, fig. 2, V.Com.). A 
considerable number of the medullated fibres of the dorsal part of the ventral 
funiculus of the spinal cord are elements of the fasciculi proprii. However, the 
ventral margin of the ventral funiculus contains a group of heavily myelinated 
fibres, which are direct vestibulo-spinal tract fibres (Pl. I, fig. 2, Tr.Vs.Sp.L.). A 
few medullated fibres may be seen in the medial longitudinal bundle (PI. I, fig. 2, 
HEP ;). 

In the lateral funiculus of the spinal cord a group of loosely arranged, coarsely 
medullated fasciculus proprius fibres can be seen (Pl. I, fig. 2, 7r.Fas.Pr.). No 
medullated fibres can be observed in the spino-cerebellar or spino-mesencephalic 
tracts. In the posterior funiculus of the spinal cord no medullated fibres are to be 
seen in the fasciculus gracilis or the fasciculus cuneatus. 

At the level of the caudal extremity of the medulla, there is a considerable number 
of myelinated fibres in the medial longitudinal bundle (PI. I, fig. 3, F.L.P.). The 
hypoglossal nerve root contains a moderate number of myelinated fibres (Pl. L 
fig. 3, Rd.Hyp.). Ventral to the medial longitudinal bundle the caudal extremity 
of the crossed dorsal tecto-bulbar tract contains a considerable number of coarse, 
fairly well medullated fibres (Pl. I, fig. 3, 7v.7b.D.Cr.). Laterally there are a very 
few faintly myelinated fibres of the external division of the arcuate fibre system 
(PL. I, fig. 3, Arc.Fib.H.). Lying lateral to the ventro-lateral border of the crossed 
dorsal tecto-bulbar tract and the dorsal part of the hypoglossal nerve root, there are 
a few faintly medullated fibres of the direct vestibulo-spinal tract (PI. I, fig. 3, 
Tr.Vs.Sp.L.). 

At the level of the vestibular and acoustic nerve roots the cochlear root of the 
eighth nerve contains a few finely medullated fibres (Pl. Il, fig. 4, R.Ac.). The 
vestibular root contains a considerable number of fairly well myelinated fibres 
(Pl. Il, fig. 4, &.Vs.). In addition a number of finely myelinated dorsal arcuate 
fibres run medially from the vestibular nuclei to decussate in the midline and join 
the medial longitudinal bundle of the same and the opposite side (Pl. II, fig. 4, 
Fib.Arc.D.). These dorsal arcuate fibres are comparable to the octavo-motorius 
fibres of fishes and amphibia. The medial longitudinal bundle contains a consider- 
able number of coarsely medullated fibres (Pl. HU, fig. 4, #.L.P.). 

A number of fine myelinated fibres runs dorsomedially from the lateral reticular 
formation, some of which decussate in the midline, while others descend homolater- 
ally, after joining the medial longitudinal bundle. These fibres are mainly descend- 
ing fibres, many of which are reticulo-bulbar fibres, but some of them descend to the 
spinal cord and are reticulo-spinal fibres (Pl. I, fig. 4, Ret.Sp.). Langworthy 
(1928 and 1929) noted similar reticulo-spinal fibres in pouch young opossums, and 
also in foetal and new-born kittens. Laterally there is a small number of myelinated 
fibres in the spinal tract of the trigeminal nerve (PI. I, fig. 4, R.V.). 

A few faintly myelinated fibres run medially from the nucleus of the spinal tract 
of the trigeminal nerve to join the medial longitudinal bundle of the same and oppo- 
site sides. These are the trigemino-mesencephalic fibres (PI. I, fig. 4, Fb.7'r.V.Ms.). 
A comparable group of trigemino-mesencephalic fibres has been described in the 
new-born kitten by Tilney & Casamajor (1924), and Langworthy (1929) has also 


AMERICAN WATER SNAKE (NATRIX SIPEDON). oll 


noted a similar fibre group in the foetal and new born kitten. The motor root of 
the facial nerve is quite heavily myelinated and can be clearly seen (PI. II, fig. 4, 
R.M.Fac.). The root of the abducens nerve is faintly myelinated. 

The motor roots of the trigeminal nerve are beginning to be quite definitely 
myelinated. The sensory root of the trigeminal nerve likewise contains a number of 
myelinated fibres. At the level of the motor trigeminal nerve roots a number of 
finely medullated reticulo-bulbar and reticulo-spinal fibres run dorsomedially from 
the lateral reticular formation to join the medial longitudinal bundle of the same 
and opposite sides. In the lateral part of the medial longitudinal bundle there are 
some definitely myelinated fibres. Just below the medial longitudinal bundle a few 
medullated decussating fibres lie in the caudal extremity of the decussation of the 
brachium conjunctivum anterius. 

At the level of the caudal extremity of the midbrain, there is a number of finely 
medullated fibres in the mesencephalic root of the trigeminal nerve. There is no 
evidence of medullation of the trochlear nerve root as yet. At the level of the 
trochlear nucleus and the oculomotor nucleus, a few medullated fibres lie in the 
dorsolateral part of the medial longitudinal bundle. A small number of fine 
medullated fibres can be seen in the oculomotor nerve roots. Rostral to this level, 
no other medullated fibres can be noted in the midbrain or diencephalon. 


Natrix sipedon, 163 mm. 


The intramedullary portion of the ventral nerve roots is quite heavily medullated, 
as is the extramedullary part of the ventral nerve roots. Both the intramedullary 
and extramedullary parts of the dorsal nerve root fibres show a fair degree of 
medullation. They are, however, not yet as heavily medullated as the ventral 
nerve roots. 

The ventral funiculus of the spinal cord shows a considerable degree of myelin- 
ation so that the direct vestibulo-spinal tract is quite heavily medullated at the 
cervical level (PI. I, fig. 5, Tr.Vs.Sp.L.). The medial longitudinal fasciculus shows 
a considerable number of coarse heavily medullated fibres (Pl. II, fig. 5, F.L.P.). 
The ventral funiculus contains a large number of heavily medullated fibres of the 
fasciculi proprii system. There are a number of well medullated decussating fibres 
in the ventral commissure and a few fine medullated fibres in the ventral grey matter. 

In the lateral funiculus of the spinal cord the spino-mesencephalic tract is as yet 
only partly myelinated. Just dorsal to it lies the spino-cerebellar tract, which 
likewise is not as advanced in medullation as the fibre bundles of the ventral 
funiculus. It contains, however, a moderate number of coarsely medullated fibres, 
particularly at its peripheral part (Pl. I, fig. 5, 7’r.Sp.Ms. and Tr.Sp.C.).- In the 
medial part of the lateral funiculus is a considerable number of medullated short 
fasciculi proprii fibres. In the dorsal columns of the spinal cord there is a moderate 
number of myelinated fibres in the fasciculus cuneatus (PI. I, fig. 5, F.Cun.), but 
the fasciculus gracilis is as yet only faintly myelinated and contains only a few 
medullated fibres (Pl. I, fig. 5, F.Gr.). 

At the caudal extremity of the medulla, a number of medullated fibres lies in the 
fasciculus cuneatus. The fasciculus gracilis shows a small number of myelinated 
fibres at this level. The medial longitudinal bundle is quite heavily myelinated, 
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as are the hypoglossal nerve roots. The caudal extremity of the crossed dorsal 
tecto-bulbar tract is a heavily medullated fibre bundle. A small number of fine 
lightly myelinated fibres belonging to the external division of the arcuate fibre 
system descends from the nucleus funiculus cuneatus and nucleus funiculus 
gracilis. The direct vestibulo-spinal tract is fairly well medullated and forms an 
oval shaped group of rather coarsely medullated fibres lying lateral to the crossed 
dorsal tecto-bulbar tract and the hypoglossal nerve root. 

At the rostral level of the hypoglossal nucleus the spinal tract of the trigeminal 
nerve shows a considerable number of medullated fibres. Thereare some myelinated 
fibres in the radix vestibularis descendens. The medial longitudinal bundle and 
dorsal crossed: tecto-bulbar tract are quite heavily medullated. A number of 
lightly myelinated trigemino-mesencephalic fibres, as well as a number of well 
myelinated reticulo-spinal fibres enters the medial longitudinal bundle. A 
considerable number of medullated fibres of the direct vestibulo-spinal tract, lying 
lateral to the crossed dorsal tecto-bulbar tract, can also be seen. At the level of the 
caudal extremity of the vestibular nerve roots lie the heavily medullated abducens 
nerve roots. 

At the level of the vestibular roots of the eighth nerve the vestibular and cochlear 
roots of the eighth nerve are both heavily medullated (PI. I, fig. 6, R.Ac. and R.Vs.). 
There is a number of lightly myelinated dorsal arcuate fibres which run ventromedi- 
ally from the vestibular nuclei to end in the medial longitudinal bundle of the same 
and opposite sides (Pl. II, fig. 6, #7b.Arc.D.). A comparable group of secondary 
vestibular fibres, which enter the homolateral and contralateral medial longitudinal 
bundle, has been described by Langworthy (1928) in early stages of the pouch 
young opossum, and Windle, Fish & O’Donnell (1934) have noted them in the 
cat embryo. The motor root of the facial nerve is quite heavily medullated 
(Pr ie sG hain ac: 

A number of fine medullated trigemino-mesencephalic fibres runs medially from 
the nucleus of the spinal tract of the trigeminal nerve to end in the medial longitu- 
dinal bundle of the same and opposite sides (Pl. II, fig. 6, Fb.77.V.Ms.). These 
trigemino-mesencephalic fibres ascend in the medial longitudinal bundle to the 
level of the midbrain. Tilney & Casamajor (1924) have noted in the new-born 
kitten a comparable trigemino-mesencephalic fibre system terminating by 
collaterals in the tegmentum of the midbrain. A number of quite well medullated 
reticulo-spinal fibres run dorsomedially from the lateral reticular formation, to 
join the medial longitudinal bundle (PI. II, fig. 6, Ret.Sp.). The spinal tract of the 
trigeminal nerve is quite heavily medullated (PI. II, fig. 6, &.V.). 

A small number of myelinated fibres lie in the area occupied by the crossed dorsal 
tecto-bulbar tract, just ventral to the medial longitudinal bundle. A few medullate 
fibres of the rostral extremity of the direct vestibulo-spinal tract lie just ventral 
to the trigemino-mesencephalic fibres in the dorso-medial part of the medulla 
(PI. I, fig. 6, 77.Vs.Sp.L.). The medial longitudinal bundle contains a considerable 
number of heavily medullated fibres (PI. II, fig. 6, #.L.P.). 

At the level of the motor nucleus of the trigeminal nerve the heavily medullated 
motor and sensory roots of the trigeminal nerve are seen, as well as the fairly well 
myelinated mesencephalic root of the trigeminal nerve (PI. III, fig. 7, R.W.V., 
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R.S.V. and R&.Mes.V.). A number of finely medullated direct root trigemino- 
cerebellar fibres runs dorsomedially from the sensory root of the fifth nerve to enter 
the ventral extremity of the cerebellum (PI. III, fig. 7, Dr.F.B.V.Cr.). Similar 
direct root trigemino-cerebellar fibres have been described by Weston (1936) in 
Chrysemys, the horned toad, and the snake. 

The medial longitudinal bundle contains a considerable number of coarse 
heavily medullated fibres (Pl. III, fig. 7, F.L.P.). Just ventral to the medial 
longitudinal bundle a band of finely myelinated decussating fibres forms the 
decussation of the cerebello-motorius tract (PI. ITI, fig. 7, Dec.Tr.Cr.M.). Ventro- 
lateral to the medial longitudinal bundle, a few medullated fibres lie in the area 
occupied by the crossed dorsal tecto-bulbar tract (Pl. ITI, fig. 7, Tr.7'b.D.Cr.). 
Ventromedial to the motor root of the trigeminal nerve there are a few faintly 
medullated fibres of the lateral lemniscus (PI. ITI, fig. 7, Lem.L.). A number of 
quite heavily myelinated reticulo-spinal fibres runs dorsomedially from the lateral 
reticular formation to join the medial longitudinal bundle (PI. ITI, fig. 7, Ret.Sp.). 

At the caudal level of the midbrain there are a few lightly myelinated fibres in the 
decussation of the brachium conjunctivum anterius (PI. ITI, fig. 8, Dec. Br.Con).). 
The medial longitudinal bundle contains at this level a considerable number of 
coarse medullated fibres (PI. ITI, fig. 8, F.L.P.). Ventral to the medial longitudinal 
bundle lie a few lightly myelinated fibres in the area occupied by the dorsal crossed 
tecto-bulbar tract (Pl. III, fig. 8, 7r.7b.C.Dr.). The rostral part of the mesen- 
cephalic root of the trigeminal nerve contains a moderate number of lightly 
myelinated fibres (Pl. III, fig. 8, R.Mes.V.). The trochlear nerve root and its 
decussation are fairly well medullated (Pl. III, fig. 8, &.7'r.). At the lateral 
extremity of the caudal part of the midbrain lies a small number of lightly myelinate 
fibres in the spino-mesencephalic tract, and a few medullated fibres may also be 
observed in the lateral lemniscus (PI. ITI, fig. 8, 7'r.Sp.Ms. and Lem.L.). 

At the level of the midbrain just caudal to the oculomotor nerve roots lies the 
medullated rostral extremity of the mesencephalic root of the trigeminal nerve 
(Pl. ITT, fig. 9, R.Mes.V.). The medial longitudinal bundle is fairly well medullated, 
and contains a considerable number of coarse medullated fibres (Pl. III, fig. 9, 
F.L.P.). Only a few medullated fibres lie ventral to the medial longitudinal 
bundle in the area occupied by the crossed dorsal tecto-bulbar tract (Pl. ITT, fig. 9, 
Pr.Tb.D.Cr.). . , 

At the rostral level of the midbrain lie the heavily medullated oculomotor nerve 
roots (Pl. III, fig. 10, N.1IIT.). At the level of the caudal part of the oculomotor 
nerve roots, a small number of fine, lightly myelinated decussating oculomotor 
fibres lie in the area between the oculomotor nuclei. The dorsal crossed tecto- 
bulbar tracts show a number of finely myelinated fibres, which decussate in the 
midline (PI. ITI, fig. 10, Dee.1r.7b.D.Cr.). The dorsal tecto-bulbar fibres, however, 
cannot as yet be traced to the optic tectum. This group of dorsal tecto-bulbar 
fibres represents the tegmental component of the dorsal tecto-bulbar tract, which 
medullates earlier than the tectal component of this tract (PI. ITI, fig. 10, 7’r.7'6.D. 
Cr.Teg.). The tegmental component of the dorsal tecto-bulbar fibre system in 
Natrix sipedon is comparable to the mesencephalic reticulo-spinal fibres noted in the 
new-born cat by Tilney & Casamajor (1924). 
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At the level of the oculomotor nerve roots the number of medullated fibres has. 
markedly decreased in the medial longitudinal bundle. The number of medullated 
fibres in the medial longitudinal bundle decreases further rostrally, and at the level 
of the caudal extremity of the posterior commissure it contains only a few fine 
medullated fibres. At this stage the medial longitudinal bundle is thus composed 
of ascending fibres which may be followed to their termination in the nucleus 
interstitialis of the medial longitudinal bundle. A medullated descending 
component of the medial longitudinal bundle from the nucleus interstitialis is not 
yet present. No medullated fibres can be seen in the posterior commissure. No 
medullated fibres can be seen above this level, with the exception of a small number _ 
of lightly myelinated fibres in the marginal optic tracts of the diencephalon. 


Natrix sipedon, 188 mm. 

The intramedullary and the extramedullary portions of the ventral nerve roots 
are both heavily medullated, and the dorsal nerve roots are more heavily medullated 
than in the preceding stage. Both the intramedullary and the extramedullary 
portions of the dorsal nerve roots are almost as heavily medullated as the ventral 
nerve roots. 

In the ventral funiculus of the cervical level of the spinal cord the medial longi- 
tudinal bundle is heavily medullated (PI. IV, fig. 11, F.L.P.): The direct vestibulo- 
spinal tract forms a heavily myelinated fibre bundle lying at the ventromedial 
border of the spinal cord (PI. IV, fig. 11, 77.Vs.Sp.L.). The ventral commissure of 
the spinal cord is more heavily medullated than in the preceding stage, and contains 
a considerable number of quite heavily myelinated decussating fibres (Pl. IV, fig. 11, 
V.Com.). 

In the medial part of the lateral funiculus of the cervical level of the spinal 
cord lies a considerable number of medullated fibres of the fasciculi proprii. In the 
periphery of the ventrolateral part of the lateral funiculus the spino-mesencephalic 
tract shows a considerable degree of medullation, and forms a quite well defined 
fibre tract (PI. IV, fig. 11, Zr.Sp.Ms.). In the periphery of the dorsolateral part of 
the lateral funiculus a considerable number of heavily myelinated fibres lies in the 
spino-cerebellar tract (Pl. IV, fig. 11, T7r.Sp.C.). 

In the posterior funiculus of the cervical level of the spinal cord the fasciculus. 
cuneatus is more heavily medullated than in the preceding stage, and contains a 
large number of myelinated fibres (Pl. IV, fig. 11, F.Cun.). The fasciculus gracilis 
is only partly medullated and contains a moderate number of myelinated fibres. 
(Pl. IV, fig. 11, F.Gr.). A moderate number of fine medullated fibres lies in the 
ventral grey matter of the spinal cord. In the dorsal portion of the grey matter 
a few lightly medullated fibres can be seen. 

At the level of the caudal extremity of the medulla the fasciculus cuneatus is 
almost fully medullated, while the fasciculus gracilis is only partly medullated as yet 
(Pl. IV, fig. 12, F.Cun. and F.Gr.). The medial longitudinal bundle is heavily 
medullated and contains a considerable number of coarse medullated fibres (Pl. LV, 
fig. 12, F.L.P.). Ventral to it lies the caudal extremity of the crossed dorsal 
tecto-bulbar tract, which is quite heavily medullated (Pl. IV, fig. 12, 7'7r.7'b.D.Cr.). 
The direct vestibulo-spinal tract is heavily medullated at this level and forms an. 
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oval group of rather coarsely medullated fibres lying lateral to the ventral part of 
the crossed dorsal tecto-bulbar tract and the dorsal part of the hypoglossal nerve 
root. 

The roots of the hypoglossal nerve are heavily medullated (PLIV, fig.12, Rd.Hyp.).. 
At the lateral border of the medulla a moderate number of lightly myelinated fibres 
of the external division of the arcuate fibre system descends from the nuclei 
funiculi cuneati and gracili (Pl. IV, fig. 12, Arc.Fib.#.). A number of faintly 
myelinated internal arcuate fibres descends from the posterior funicular nuclei. 
These fibres run ventromedially and descussate in the median raphe, just medial to: 
the medial longitudinal bundle. 

At the rostral level of the vagal and hypoglossal nuclei, the radix vestibularis. 
descendens shows a fair degree of medullation, containing a number of fine medul- 
lated fibres. The spinal tract of the trigeminal nerve and media! longitudinal 
bundle are heavily medullated. The direct vestibulo-spinal tract is fairly well 
medullated, forming an oval group of medullated fibres lying just lateral to the 
ventral part of the crossed dorsal tecto-bulbar tract. In the ventrolateral part 
of the medulla, in the area occupied by the spino-cerebellar and sino-mesencephalic 
tracts, a moderate number of medullated fibres can be seen. A considerable 
number of finely medullated trigemino-mesencephalic fibres can be seen, as wellasa 
number of fairly well medullated reticulo-spinal fibres running dorsomedially from 
the lateral reticular formation to join the medial longitudinal bundle. Ventral to 
the medial longitudinal bundle, a large number of coarse medullated fibres are to be 
observed in the area occupied by the crossed dorsal tecto-bulbar tract. 

At the level of the vestibular nerve roots lie the heavily medullated vestibular 
and cochlear roots of the eighth cranial nerve (PI. IV, 13, fig. R.Ac. and R.Vs.) ; the 
cochlear root is as heavily medullated as the vestibular root, and the motor root of 
the facial nerve is. likewise heavily medullated. A considerable number of fine 
myelinated dorsal arcuate fibres pass ventromedially from the vestibular nuclei. 
Many of these fibres decussate, while others descend homolaterally, after entering 
the medial longitudinal bundle, and end in the spinal cord. This fibre group corre- 
sponds to the medial vestibulo-spinal tract of mammals. A number of these dorsal 
arcuate fibres, however, are ascending vestibulo-mesencephalic fibres, which enter 
the medial longitudinal bundle at this level (Pl. IV, fig. 13, F2b.Arc.D.). 

The medial longitudinal bundle contains a large number of heavily medullated 
fibres (Pl. IV, fig. 13, F.L.P.). A number of fine medullated trigemino-mesen- 
cephalic fibres runs dorso-medially from the nucleus of the spinal tract of the 
trigeminal nerve to enter the medial longitudinal bundle (PI. IV, fig. 13, FO.7'r.V. 
Ms.). A number of finely medullated reticulo-spinal fibres runs dorsomedially 
to join the medial longitudinal bundle. The spinal tract of the trigeminal nerve is 
heavily medullated (PI. IV, fig. 18, R.V.). A few ventral arcuate fibres, which are 
as yet lightly medullated lie in the ventral part of the medulla (Pl. IV, fig. 13, 
ie.) 

A considerable number of coarse medullated fibres lies in the field occupied by the 
crossed dorsal tecto-bulbar tract (Pl. IV, fig. 18, T7r.7b.D.Cr.). The root of the 
abducens nerve is heavily medullated (Pl. IV, fig. 18, R.Ab.). The direct vestibulo- 
spinal tract forms a group of medullated fibres, lying lateral to the crossed dorsal 
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tecto-bulbar tract (Pl. IV, fig. 18, 7r.Vs.Sp.L.). Only a moderate number of 
myelinated fibres lies in the area occupied by the spino-cerebellar and spino- 
mesencephalic tracts (Pl. IV, fig. 13, 7’r.Sp.C. and 7'r.Sp.Ms.). 

At the level of the motor trigeminal nuclei lie the heavily medullated motor, 
sensory and mesencephalic roots of the trigeminal nerve (Pl. V, fig. 14, R.J.V., 
R.S.V. and R.Mes.V.). A well defined group of direct root trigemino-cerebellar 
fibres, quite heavily myelinated, enters the lateral extremity of the cerebellum 
(Pl. V, fig. 14, Dr.Fb.V.Cr.). The medial longitudinal bundle is heavily myelinated, 
containing numerous coarse medullated fibres (Pl. V, fig. 14, #.L.P.). 

A number of fine myelinated dorsal arcuate fibres is present (Pl. V, fig. 14, 
Fib.Arc.D.). The tractus cerebello-motorius and its decussation are definitely 
medullated for the first time (Pl. V, fig. 14, 7r.Cr.M. and Dec.Tr.Cr.M.). This 
fibre bundle is comparable to the tractus cerebello-motorius of fishes and amphibia. 
A number of fairly well medullated ventral arcuate fibres cross the midline in the 
ventral part of the medulla (PL. V, fig. 14, F.V.). 

A considerable number of quite heavily medullated reticulo-spinal fibres run 
‘dorsomedially from the lateral reticular formation to join the medial longitudinal 
bundle (Pl. V, fig. 14, Ret.Sp.). In the ventrolateral part of the cerebellum a 
number of ascending lightly myelinated fibres can be seen, belonging to the spino- 
cerebellar tract (Pl. V, fig. 14, 77r.Sp.C.). A moderate number of medullated 
fibres lies in the area occupied by the lateral lemniscus (Pl. V, fig. 14, Lem.L.). 
‘Slightly rostral to the level represented in fig. 14, a number of lightly myelinated 
fibres lies in the inferior cerebellar commissure. These consist mainly of a number 
of finely medullated decussating spino-cerebellar fibres and cerebello-motorius 
fibres. 

At the caudal level of the midbrain lies the heavily medullated mesencephalic root 
-of the trigeminal nerve (PI. V, fig. 15, &.Mes.V.). The root of the trochlear nerve is 
quite well medullated, and the decussation of the trochlear root fibres is heavily 
medullated (Pl. V, fig. 15, Dec.k.Tr.). The decussating fibres of the brachium 
conjunctivum anterius are quite heavily medullated and form a thick band of 
coarse medullated fibres ventral to the medial longitudinal bundle (Pl. V, fig. 15, 
Dec. Br.Conj.). 

The medial longitudinal bundle is quite heavily medullated (PL. V, fig. 15, #.L.P.). 
In the field occupied by the dorsal crossed tecto-bulbar tract there is only a moderate 
number of coarse medullated fibres (Pl. V, fig. 15, 77.7'b.D.Cr.). In the lateral 
extremity of this level of the midbrain lies a number of lightly myelinated fibres of 
the spino-mesencephlic tract, some of which can be traced to the caudal level of the 
optic tectum. Medial to this fibre tract lies a moderate number of fine myelinated 
fibres of the lateral lemniscus; at this stage they can be traced to the ganglion isthmi 
and the posterior corpora quadrigemina (Pl. V, fig. 15, 7r.Sp.Ms. and Lem.L.). 

At the level of the midbrain just caudal to the oculomotor nerve roots the medial 
longitudinal bundle contains a considerable number of coarse medullated fibres. 
The dorsal crossed tecto-bulbar tract contains a number of myelinated fibres, and 
the rostral extremity of the mesencephalic root of the trigeminal nerve is fairly well 
medullated. In the lateral extremity of the midbrain lies a number of finely 
medullated fibres of the ventral tecto-bulbar fibre system. 
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In the midbrain at the level of the caudal extremity of the oculomotor nerve roots 


a number of fine medullated fibres decussates between the oculomotor nuclei. 


Shanklin (1930) found similar decussating medullated fibres arising from all parts of 
the oculomotor nuclei in Chameleon vulgaris. At the level of the oculomotor 
nucleus a considerable number of fine myelinated fibres of the tegmental component 
of the dorsal tecto-bulbar fibre system descends and decussates below the medial 
longitudinal bundle. No medullated fibres of the dorsal tecto-bulbar fibre system, 
however, can be traced to the optic tectum, because the tectal component of this 
fibre system is not yet medullated. Some of the fibres of the tegmental part of the 
dorsal tecto-bulbar fibre system enter the medial longitudinal bundle of the same 
and opposite sides. The roots of the oculomotor nerve are heavily medullated. 
In the medial longitudinal bundle there is only a moderate number of coarse medul- 
lated fibres. 

Rostrally, at the caudal level of the posterior commissure, only a few lightly 
medullated fibres can be seen in the rostral extremity of the medial longitudinal 
bundle. In the posterior commissure there is a small number of fine myelinated 
fibres. There is a number of faintly medullated fibres in the marginal optic tracts 
at the level:of the diencephalon. With these exceptions there are no myelinated 
fibre tracts in the diencephalon or forebrain. 


Natrix svpedon, 213 mm. 

The intramedullary and the extramedullary portions of the ventral nerve roots 
are practically fully medullated. Both the intramedullary and the extramedullary 
portions of the dorsal nerve roots are as heavily medullated as the ventral nerve 
roots. In the ventral funiculus of the cervical level of the spinal cord the medial 
longitudinal bundle lies just beneath the ventral commissure. It forms a group of 
heavily medullated fibres, which are almost fully medullated (Pl. V, fig. 16, F.Z.P.). 
Below the medial longitudinal bundle the direct vestibulo-spinal tract is likewise 
practically fully medullated (Pl. V, fig. 16, 77.Vs.Sp.L.). The ventral commissure 
of the spinal cord is quite heavily medullated, and contains a large number of fine 
medullated decussating fibres. 

In the lateral funiculus of the cervical level of the spinal cord the following 
medullated fibre tracts can be seen: the spino-mesencephalic tract which is heavily 
medullated (Pl. V, fig. 16, 7r.Sp.Ms.) ; just dorsal to this the spino-cerebellar 
tract is likewise almost fully medullated (PI. V, fig. 16, 7r.Sp.C.) ; in the medial part 
of the lateral funiculus the fasciculi proprii are also quite heavily medullated. 

- In the posterior funiculus of the cervical level of the spinal cord the fasciculus 
cuneatus is almost fully medullated (Pl. V, fig. 16, F.Cun.). The fasciculus 
gracilis is however only partly medullated, particularly at its lateral extremity, 
where the fibres are loosely arranged (Pl. V, fig. 16, #.Gr.). In the ventral grey 
matter of the spinal cord a considerable number of medullated fibres can be seen, 
and in the dorsal portion of the grey matter a small number of fine medullated 
fibres. 

At the level of the caudal extremity of the medulla the fasciculus cuneatus is 
practically fully medullated. The fasciculus gracilis is almost fully medullated, 


except at its medial extremity, where there is a number of loosely arranged 
272 
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medullated fibres (Pl. VI, fig. 17, F. Cun. and F.Gr.). A considerable number of 
medullated fibres of the external division of the arcuate fibre system descends from 
thenuclei funiculi cuneati and gracili, at the lateral extremity of the medulla (PI. VI, 
fig. 17, Arc.Fib.H.). A few lightly medullated decussating fibres of the external 
group of the arcuate fibre system lie in the ventromedial part of this level of the 
medulla. 

Dorsally a considerable number of fine myelinated fibres of the internal arcuate 
fibre system descends ventromedially from the nuclei funiculi cuneati and gracili, to 
decussate above the medial longitudinal bundle (Pl. VI, fig. 17, Arc. Fib.I.). These 
fibres then descend and, joining the decussating fibres of the external arcuate fibre 
system slightly rostrally, enter a fibre bundle in the ventro-medial part of the 
medulla ; this bundle may be homologous with the medial lemniscus of mammals. 
The internal arcuate fibre group is more heavily medullated than in the previously 
‘described stage. Christensen (1917) noted a similar group of internal arcuate 
fibres in Sphenodon punctatum, and Shanklin (1930) noted one in Chameleon vulgaris. 
The medial longitudinal bundle is heavily medullated (Pl. VI, fig. 17, F.L.P.) ; 
the heavily medullated caudal extremity of the crossed dorsal tecto-bulbar tract lies 
ventral to it (Pl. VI, fig. 17, 7r.7b.D.Cr.). The root of the hypoglossal nerve is 
likewise practically fully medullated (Pl. VI, fig. 17, Rd.Hyp.). 

At the level of the motor and sensory vagus nerve root the lightly medullated 
motor root of the vagus nerve appears for the first time. The lightly myelinated 
‘sensory root of the vagus nerve and solitary tract likewise appear for the first time 

(Pl. VI, fig. 18, R.X.M., R.X.S.and Tr. Sol.). A number of fine medullated fibres 
descends from the motor vagal nucleus ; many of them decussate in the midline just 
above the medial longitudinal bundle (Pl. VI, fig. 18, 2b.X.Sec.). They then 
ascend after entering the medial longitudinal bundle of the same and opposite sides. 
These fibres may possibly be homologous with the secondary vagal fibres noted by 
Tilney & Casamajor (1924) and by Langworthy (1929) in the new-born cat. 

The medial longitudinal bundle is a large and heavily medullated fibre bundle 
(Pl. VI, fig. 18, #.L.P.). Ventral to it the crossed dorsal tecto-bulbar tract is 
almost fully medullated (Pl. VI, fig. 18, 7'7.7b.D.Cr.). Lateral to the crossed 
dorsal tecto-bulbar tract the direct vestibulo-spinal tract forms an oval group of 
coarse and heavily medullated fibres (Pl. VI, fig. 18, Tr.Vs.Sp.L.). Running 
dorsomedially from the lateral reticular formation a considerable number of heavily 
medullated reticulo-spinal fibres enters the medial longitudinal bundle (Pl. VI, 
fig. 18, Ret.Sp.). 

In the ventromedial part of the medulla a rather lightly myelinated group of 
fibres forms the medial lemniscus (Pl. VI, fig. 18, Lem.Med.). This fibre tract is 
similar to the medial lemniscus noted by Christensen (1917) in Sphenodon punctatum 
and by Shanklin (1930) in Chameleon vulgaris. It may also be homologous with the 
medial lemniscus of mammals. In Natrix svpedon, however, as in other reptiles, it 
cannot be traced rostrally to the thalamus with any degree of certainty. In the 
ventrolateral part of the medulla a fairly well medullated fibre group consists of the 
combined fibre groups of the spino-cerebellar and spino-mesencephalic fibre tracts 
(Pl. VI, fig. 18, Z'r.Sp.C.+77.Sp.Ms.). 


ap 
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The descending root of the trigeminal nerve is heavily medullated (Pl. VI, 
fig. 18, R.V.). Thedescending root of the vestibular nerve (radix vestibularis descen- 
dens) is fairly well medullated, and lies at the dorsolateral border of the medulla 
(Pl. VI, fig. 18, R.Vs.D.). A number of rather lightly myelinated fibres of the 
tractus cerebello-vestibularis lies in the dorsolateral part of the medulla (PIL. VI, 
fig. 18, Tr.Cer.Vs.). This fibre tract is similar to the cerebello-vestibular tract noted 
by Weston (1936) in the turtle and the snake. 

At the level of the acoustic and vestibular nerve roots there is likewise a marked 
increase in the degree of medullation of all the fibre tracts. Both the cochlear and 
vestibular roots of the eighth nerve are almost fully medullated (Pl. VI, fig. 19, 
k.Ac. and R.Vs.), and the dorsal arcuate fibres are more heavily myelinated than in 
the preceding stage (PI. VI, fig. 19, F2b.Arc.D.).. The motor root of the facial nerve 
is almost fully medullated (Pl. VI, fig. 19, R.M.Fac.). The root of the abducens 
nerve is heavily myelinated and lies at this level (Pl. VI, fig. 19, R.Ab.). The spinal 
tract of the trigeminal nerve has almost its adult myelin content (Pl. VI, fig. 19, 
R.V.). The heavily medullated trigemino-mesencephalic fibres (Pl. VI, fig. 19, 
Fb.Tr.V.Ms.) ran dorso-medially from the nucleus of the spinal tract of the tri- 
geminal nerve. A large number of quite heavily medullated reticulo- ant fibres 
enters the medial longitudinal bundle (PI. VI, 19, fig. Ret. Sp.). 

Ventral to the ida longitudinal bundle the crossed dorsal tecto-bulbar 
tract contains a considerable number of coarse medullated fibres (Pl. VI, fig. 19, 
Tr.Tb.D.Cr.). The rostral extremity of the direct vestibulo-spinal tract is quite 
heavily medullated. It forms a group of rather coarse medullated fibres lying in 
the dorsomedial part of the medulla lateral to the crossed dorsal tecto-bulbar tract 
(Pl. VI, fig. 19, Tr.Vs.Sp.L.). In the ventrolateral part of the medulla, in the area 
occupied by the spino-mesencephalic and spino-cerebellar tracts, there is a large 
number of coarse medullated fibres (Pl. VI, fig. 19, 7r.Sp.C. and Tr.Sp.Ms.). In 
the ventro-medial part of the medulla there is a number of rather lightly medullated 
ventral arcuate fibres (Pl. VI, fig. 19, F.V.). 

At the level of the motor nuclei of the trigeminal nerve, the motor, sensory and 
mesencephalic roots of the trigeminal nerve are almost fully medullated (Pl. VII, 
fio.20. A.M.V.,RS.V. and k.Mes.V.). The medial longitudinal bundle is practically 
fully medullated (Pl. VII, fig. 20, F.L.P.). Running ventromedially to enter the 
medial longitudinal bundle is a large number of well myelinated dorsal arcuate 
fibres (PI. VII, fig. 20, Fib.Arc.D.). Ventral to the medial longitudinal bundle lies 
the heavily medullated decussation of the tractus cerebello-motorius (Pl. VII, 
fig. 20, Dec.Tr.Cr.M.). Dorsolaterally the quite well medullated descending fibres 
of the cerebello-motorius tract enter the decussation (Pl. VII, fig. 20, 7’r.Cr./.). 

At the ventral extremity of the cerebellum lies a moderate number of fine 
myelinated fibres of the vestibulo-cerebellar tract (Pl. VII, fig. 20, 7’r.Vs.Cer.). 
The vestibulo-cerebellar fibre bundle takes origin in the vestibular nuclei and, 
running dorsomedially, ends in the stratum granulare of the cerebellar cortex. At 
the border of the ventral extremity of the cerebellum a small number of lightly 
myelinated fibres of the spino-cerebellar tract can be seen (Pl. VII, fig. 20, 7'r.Sp.C.). 
A considerable number of well medullated reticulo-spinal fibres enters the medial 
longitudinal bundle (PI. VII, fig. 20, Ret.Sp.). The lateral lemniscus contains a 
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fairly large number of medullated fibres and forms a quite well defined tract 
(Pl. VII, fig. 20, Lem.L.). In the ventral part of the medulla there is a number of 
medullated ventral arcuate fibres (Pl. VII, fig. 20, F.V.). 

Slightly rostral to the level represented in fig. 20 the inferior cerebellar commissure 
is more heavily medullated than at the stage previously described. A considerable 
number of fine medullated decussating fibres of the spino-cerebellar and cerebello- 
motorius fibre bundles lie in the inferior cerebellar commissure. At the level of 
the rostral extremity of the inferior cerebellar commissure the heavily medullated 
trochlear nerve decussates. 

At the level of the caudal extremity of the midbrain lies the heavily medullated 
trochlear nerve root, and lateral to it the quite heavily myelinated mesencephalic 
root of the trigeminal nerve.’ The medial longitudinal bundle is heavily medullated. 
Ventral to the medial longitudinal bundle lies the heavily myelinated decussation of 
the brachium conjunctivum anterius. Ventral to the decussation of the brachium 
conjunctivum anterius and close to the midline lies the quite well medullated 
crossed dorsal tecto-bulbar tract. 

At the lateral extremity of the midbrain the spino-mesencephalic tract contains a 
considerable number of fine medullated fibres. A number of the fibres of this tract 
can be traced to their termination in the caudal extremity of the optic tectum. The 
lateral lemniscus, lying medial to the spino-mesencephalic tract, is fairly well medul- 
lated, and contains a considerable number of fine medullated fibres. A number 
of the fibres of the lateral lemniscus can be readily traced to their termination in the 
posterior corpora quadrigemina and the nucleus isthmi. 

At the level of the midbrain just caudal to the oculomotor nerve roots a consider- 
able number of coarse myelinated fibres lie in the medial longitudinal bundle 
(Pl. VII, fig. 21, F.L.P.). Ventral to the medial longitudinal bundle is a number of 
myelinated fibres of the dorsal crossed tecto-bulbar fibre system (Pl. VII, fig. 21, 
Tr.Tb.D.Cr.). A number of lightly medullated fibres of the ventral tecto-bulbar 
fibre system can be seen in the dorsolateral part of the midbrain. In the ventro- 
lateral part of the midbrain a number of faintly myelinated fibres of the crossed 
ventral tecto-bulbar fibre system appear for the first time (PI. VII, fig. 21, 77.7b.Vn. 
and 7'r.Tb.Vn.Cr.). The medullated rostral extremity of the mesencephalic root 
of the trigeminal nerve also lies at this level (Pl. VII, fig. 21, R.Mes.V.). 

In the midbrain, at the level of the oculomotor nerve roots, there is a relatively 
smaller number of medullated fibres in the medial longitudinal bundle than at the 
levels already described (Pl. VII, fig. 22, #.L.P.). The dorsal tecto-bulbar fibre 
system may now be traced to the optic tectum because the tectal component of this 
fibre system is now lightly medullated (Pl. VII, fig. 22, 77.7b.D.). The heavily 
medullated decussation of the dorsal tecto-bulbar fibre system also lies here (Pl. VII, 
fig. 22, Dec.T'r.Tb.D.Cr.). At the level of the caudal part of the oculomotor nerve 
roots a considerable number of fine decussating myelinated fibres lies between the 
oculomotor nuclei (Pl. VII, fig. 22, Fib.Dec.Nu.ILL.). At the lateral extremity of 
the midbrain there is a number of lightly medullated fibres of the ventral tecto- 
bulbar fibre system (PI. VII, fig. 22, 7'r.7'b. Vn.). 

At the level of the posterior commissure a moderate number of fine medullated 
fibres can be seen in the ventral division of the posterior commissure, and a consider-- 
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-able number of fine medullated fibres in the dorsal part of the posterior commissure 
(Pl. VII, fig. 23, Com.Po.). A moderate number of lightly medullated fibres lies 
in the area occupied by the rostral extremity of the medial longitudinal bundle. At 
this stage the medial longitudinal bundle contains a number of descending medul- 
lated fibres which take origin in the nucleus interstitialis of the medial longitudinal 
bundle. 

In the ventrolateral part of this level of the diencephalon a number of lightly 
medullated fine fibres lies in the ventral peduncle of the lateral forebrain bundle 
(Pl. VII, fig. 23, L.F.B.Pd.Vn.). Medial to this fibre tract the caudal extremity of 
the medial forebrain bundle contains a small number of lightly myelinated fibres 
(Pl. VII, fig. 23, W.F.B.). The basal optic root is as yet lightly medullated 
(Pl. VII, fig. 23, Ba.Op.h.). The lateral division of the optic tract is lightly medul- 
lated for the first time, and may be followed caudally to its termination in the 
lateral extremity of the rostral level of the optic tectum. In the optic fibre layer 
of the anterior extremity of the optic tectum there is a small number of lightly 
medullated fibres. 

In the diencephalon at the level of the habenula a number of fine myelinated 
fibres lies in the marginal optic tracts, and a few lightly medullated fibres in the 
ventral peduncle of the lateral forebrain bundle. Rostrally in the forebrain a few 
lightly medullated fibres lie in the medial part of the optic chiasma. At the level 
of the optic chiasma a number of medullated fibres lies in the lateral extremity of 
the lateral forebrain bundle. With exception of these there are no other medul- 
lated fibre tracts in the diencephalon or forebrain. 


Natrix svpedon, 225 mm. 

In the ventral funiculus of the cervical level of the spinal cord the medial longi- 
tudinal bundle and the direct vestibulo-spinal tracts are both fully medullated. 
The fasciculus proprius of the ventral funiculus is likewise fully medullated. In the 
lateral funiculus of the cervical level of the spinal cord the spino-mesencephalic and 
spino-cerebellar tracts are almost fully medullated. The fasciculi proprii of the 
lateral funiculi are heavily myelinated. 

In the posterior funiculus of the cervical level of the spinal cord the fasciculus 
cuneatus and the fasciculus gracilis are almost fully medullated. Both the dorsal 
and ventral roots of the spinal cord are fully medullated. The ventral commissure 
of the spinal cord is likewise heavily medullated, and has practically its adult content 
of myelin. A considerable number of fine medullated fibres lies in the ventral 
horns of the grey matter of the cervical level of the spinal cord, and some fine 
myelinated fibres in the dorsal horns. 

At the caudal level of the medulla lie the fully medullated roots of the hy poglossal 
nerve (Pl. VIILI, fig. 24, Rd.Hyp.). The cranial root of the spinal accessory nerve 
is fairly well medullated for the first time in this stage (Pl. VIII, fig. 24, Rd.Acc.). 
The medial longitudinal bundle and the caudal extremity of the crossed dorsal 
tecto-bulbar tract both have their adult content of myelin (Pl. VIII, fig. 24, F.L.P. 
and T'r.Tb.D.Cr.). ‘The direct vestibulo-spinal tract forms a heavily medullated 
group of coarse medullated fibres, lying ventrolateral to the crossed dorsal tecto- 
bulbar tract (Pl. VIII, fig. 24, 7r.Vs.Sp.L.). 
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Dorsally the fasciculus cuneatus and fasciculus gracilis are fully medullated 
(Pl. VIII, fig. 24, F.Cun. and F.Gr.). At the lateral extremity of the medulla lie 
many quite heavily medullated fibres of the external division of the arcuate fibre 
system (Pl. VIII, fig. 24, Arc.Fib.L.). Dorsomedially numerous well-myelinated 
internal arcuate fibres descend from the nuclei funiculi cuneati and gracili, and 
decussate to the opposite side just above the medial longitudinal bundle (Pl. VIII, 
fig. 24, Arc. Fib./.). 

At the level of the motor and sensory vagus nerve roots the medial lemniscus, the 
spino-cerebellar and‘ spino-mesencephalic tracts are more heavily medullated than 
at the preceding stage. Both the motor and sensory roots of the vagus nerve and 
solitary tract are however rather lightly medullated. A number of secondary 
vagal fibres run ventromedially from the vagal motor nucleus ; they are somewhat 
more heavily medullated than at the preceding stage. All the other fibre tracts 
show a degree of medullation similar to that noted at this level of the medulla in the 
preceding stage ; they will therefore not be further described. 

At the level of the vestibular division of the eighth nerve root the degree of medul- 
lation is similar to that noted at the same level in the preceding stage. The various. 
medullated fibre tracts will therefore be only briefly noted here. The cochlear and 
vestibular divisions of the eighth nerve are practically fully medullated. The root 
of the abducens nerve and the motor root of the facial nerve are fully myelinated. 
The medial longitudinal bundle has its adult myelin content. The dorsal arcuate 
fibres form a heavily medullated fibre bundle. . All the other fibre tracts are like- 
wise practically fully medullated. 

At the level of the motor trigeminal nucleus lie the heavily medullated motor and 
sensory roots of the trigeminal nerve (Pl. VITI, fig. 25, R.M.V. and #.S.V.). The 
mesencephalic root of the trigeminal nerve is also heavily medullated (Pl. VIII, 
fig. 25, R.Mes.V.). A group of fine myelinated dorsal trigemino-cerebellar fibres 
runs dorsomedially from the sensory nucleus of the trigeminal nerve to the region of 
the inferior cerebellar commissure, where its fibres become lost (P. VIII, fig. 25, 
Fib.Dor.Trig.Cr.). Huber & Crosby (1926) found a similar group of dorsal 
_ trigemino-cerebellar fibres in the American alligator, and Weston (1936) noted them in 
the snake and various other reptiles. A heavily medullated group of direct root 
trigemino-cerebellar fibres runs dorsomedially from the sensory root of the 
trigeminal nerve to the ventrolateral extremity of the cerebellum (PI. VIII, fig. 25, 
Dr.Fb.V.Cr.). 

The medial longitudinal bundle contains numerous coarse medullated fibres. 
(Pl. VIII, fig. 25, F.L.P.). The heavily medullated dorsal arcuate fibres descend 
from the vestibular nuclei and join the medial longitudinal bundle (Pl. VIII, 
fig. 25, Fib.Arc.D.). Just ventral to these fibres the descending medullated fibres. 
of the tractus cerebello-motorius decussate in the midline beneath the medial 
longitudinal bundle (Pl. VIII, fig. 25, 77.Cr.M.). The decussation of the cerebello- 
motorius tract forms a quite heavily medullated fibre bundle ventral to the medial 
longitudinal bundle (Pl. VIII, fig. 25, Dec.T'r.Cr.M.). 

Ventrolateral to the medial longitudinal bundle lies the heavily medullated crossed 
dorsal tecto-bulbar tract (Pl. VIII, fig. 25, Tr.7b.D.Cr.). A number of fine 
myelinated ventral arcuate fibres crosses the midline in the ventral part of the 
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medulla (Pl. VITI, fig. 25, #.V.). - At the ventrolateral border of the medulla the 
lateral lemniscus contains a large number of medullated fibres (Pl. VIII, fig. 25, 
Lem.L.). The vestibulo-cerebellar tract is more definitely medullated than at the 
preceding stage. Just lateral to the dorsal trigemino-cerebellar fibres the spino- 
cerebellar tract consists of a well defined bundle of medullated fibres. The spino- 
cerebellar fibres run dorsomedially to enter the inferior cerebellar commissure and 
decussate to the opposite side (Pl. VIII, fig. 25, 7'r.Sp.C.). 

At the level of the caudal extremity of the midbrain the rostral extremity of the 
mesencephalic root of the trigeminal nerve is practically fully medullated (Pl. VIII, 
fig. 26, R.Mes.V.). The roots of the trochlear nerve are likewise heavily medullated 
(Pl. VIII, fig. 26, R.Tr.). The medial longitudinal bundle is almost fully medul- 
lated (Pl. VIII, fig. 26, F.L.P.). The heavily myelinated decussation of the 
brachium conjunctivum anterius lies ventral to it (Pl. VIII, fig. 26, Dec.Br.Con).). 
In the field occupied by the crossed dorsal tecto-bulbar tract a large number of 
coarse medullated fibres is present (Pl. VIII, fig. 26, 7'r.7b.D.C’.). 

In the ventral part of the midbrain, in the fields occupied by the crossed and 
uncrossed parts of the ventral tecto-bulbar tract, there is a large number of medul- 
lated fibres. In the lateral extremity of the midbrain lies a number of fine medul- 
lated ascending fibres of the lateral lemniscus (Pl. VIII, fig. 26, Lem.L.). Just 
peripheral to the lateral lemniscus lies a considerable number of fairly well myelin- 
ated ascending fibres of the tractus spino-mesencephalicus (Pl. VIII, fig. 26, Tr.Sp. 
Ms.). 

At the level of the midbrain just caudal to the oculomotor nerve roots lies the 
heavily medullated medial longitudinal bundle (Pl. IX, fig. 27, F.L.P.), and just 
ventral to it the heavily medullated crossed dorsal tecto-bulbar tract (Pl. IX, 
fig. 27, Tvr.Tb.D.Cr.). A number of heavily medullated dorsal tecto-bulbar fibres 
descends from the caudal part of the optic tectum (Pl. IX fig. 27, 7'r.7b.D.). In 
the dorsolateral part of the midbrain the descending ventral tecto-bulbar fibres 
are quite heavily medullated. In the ventromedial part of the midbrain many 
medullated decussating ventral tecto-bulbar fibres form the ventral tecto-bulbar 
decussation (Pl. IX, fig. 27, Dec.Tr.Tb.Vn.Cr.). 

In the lateral extremity of the midbrain lie many descending medullated fibres of 
the uncrossed ventral tecto-bulbar group (Pl. IX, fig. 27, 77.7b.Vn.). In the 
ventrolateral part of the midbrain lies a large number of medullated crossed ventral 
tecto-bulbar fibres (PI. IX, fig. 27, Tr.7b. Vn.Cr.). 

At the level of the dorsal tecto-bulbar decussation lies the heavily medullated 
roots of the oculomotor nerve. A considerable number of heavily medullated 
dorsal tecto-bulbar fibres descends from the optic tectum, and decussates below the 
medial longitudinal bundle. The decussation of the crossed dorsal tecto-bulbar 
tract is heavily medullated. 

At the level of the caudal extremity of the oculomotor nerve roots a large number’ 
of fine medullated decussating fibres lies between the oculomotor nuclei. The 
tectal component of the dorsal tecto-bulbar fibre system is definitely medullated, 
and its fibres may be readily traced to the roof of the optic tectum. At this level, 
however, there are no other medullated fibre systems in the optic tectum. A few 
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fibres of the ventral tecto-bulbar fibre system descend from the optic tectum. 
The medial longitudinal bundle contains a large number of coarse medullated 
fibres. 

At the level of the posterior commissure there is a considerable number of fine 
medullated fibres in the dorsal part of the posterior commissure, and a number of 
fine medullated fibres in its ventral part. A few lightly medullated fibres occur 
in the medial forebrain bundle, and a small number of lightly medullated fibres in 
the lateral forebrain bundle. The basal optic root is lightly medullated. In the 
lateral part of the optic fibre layer of the rostral extremity of the optic tectum, there 
‘is a small number of lightly medullated fibres. At the lateral extremity of the 
rostral part of the optic tectum the lightly medullated fibres of the lateral optic 
tract can be traced to their termination in the ventrolateral part of the optic tectum. 
In the area occupied by the rostral extremity of the medial longitudinal bundle lies a 
number of lightly medullated fibres. 

At the level of the habenula a number of medullated fibres lies in the marginal 
optic tracts, and a small number of lightly medullated fibres in the ventral peduncle 
-of the lateral forebrain bundle. At the level of the caudal extremity of the anterior 
-commissure a few medullated fibres lie in the dorsal supraoptic decussation. At the 

level of the optic chiasma a small number of lightly medullated fibres lies in the 
medial part of the chiasma. There is a number of medullated fibres in the lateral 
extremity of the lateral forebrain bundle. With the exceptions there are no other 
medullated fibres in the diencephalon or forebrain. 


Natrix sipedon, 238 mm. 

The spinal cord is fully medullated as in the adult, all the fibre tracts of 
the posterior, lateral and ventral funiculi being fully medullated. At the level of 
the caudal extremity of the medulla all the fibre tracts are fully medullated. At the 
level of the upper extremity of the hypoglossal nucleus lie the fully medullated 
motor and sensory roots of the vagus nerve, as well as the solitary tract, which is 
also heavily medullated. The radix vestibularis descendens and the remaining 
fibre tracts are all fully medullated. 

The medulla at the level of the vestibular and cochlear nerve roots is likewise 
fully medullated. At the level of the motor trigeminal nucleus all the fibre tracts 
have their adult myelin content. At the caudal level of the midbrain all the fibre 
tracts are fully medullated, as in the adult. The midbrain at the level of the 
ventral tecto-bulbar decussation is likewise fully medullated. The optic tectum 
contains all the five layers of medullated fibres seen in the tectum of the adult 
snake. At the rostral level of the midbrain all the fibre tracts have aA 
their adult myelin content. 

At the level of the posterior commissure both the dorsal and ventral parts of the 
posterior commissure are heavily medullated (Pl. IX, fig. 28, Com.Po.D.). The 
medial and lateral optic tracts are almost fully medullated (Pl. IX, fig. 28, W.Opt. 
and L.Opt.). The basal optic root as well as the dorsal and ventral tecto-thalamic 
tracts are fairly well medullated. The ventral peduncle of the lateral forebrain 
bundle and the medial forebrain bundle are likewise quite heavily myelinated 
(Pl. IX, fig. 28, D.F.B.Pd.Vn. and M.F.B.). 

The fibre tracts of the diencephalon at the level of the habenula are almost fully 
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medullated. The marginal optic tracts are fully medullated and give collateral and 
terminal fine medullated fibres to the lateral geniculate body. The stria-medul- 
laris is likewise heavily medullated. The strio-hypothalamic and strio-thalamic 
components of the lateral forebrain bundle are heavily medullated. The medial 
forebrain bundle is quite definitely medullated at this level. 

In the telencephalon the optic chiasma is heavily medullated both in its lateral 
and medial parts (Pl. IX, fig. 29, O.Ch.). The ventral supraoptic decussation and 
the dorsal supraoptic decussation are both heavily medullated (PI. IX, fig. 29, 
Dec.Sp.V. and Dec.Sp.D.). The lateral extremity of the lateral forebrain bundle 
(strio-hypothalamic tract) is quite heavily medullated (Pl. IX, fig. 29, Z.F.B.). 
There are, however, only a few lightly medullated fibres in the areas occupied by 
the strio-thalamic component of the lateral forebrain bundle and the medial fore- 
brain bundle. With the exception of these there are no medullated fibre tracts in 
the telencephalon. 


DISCUSSION. 


In Natrix svpedon as in the opossum and cat (Langworthy, 1928 and 1929), the 
ventral spine nerve roots become medullated before the dorsal roots. The medial 
longitudinal bundle and the direct vestibulo-spinal tract are the first tracts to 
become medullated in the cervical region ; the spino-mesencephalic and spino- 
cerebellar tracts are medullated later. The fasciculus cuneatus becomes medul- 
lated earlier than the fasciculus gracilis. Thus, in the spinal cord of Natrix sipedon 
the descending tracts (the medial longitudinal bundle, the reticulo-spinal and direct 
vestibulo-spinal fibre tracts) are medullated sooner than the long afferent tracts. 

These observations on the sequence of medullation of the fibre tracts in the 
spinal cord of Natrix sipedon agree to a large extent with Langworthy’s observations 
(1928 and 1929) on the order of medullation of the fibre tracts in the spinal cord of 
the opossum and cat. He noted that in these forms the tracts descending from the 
brain to the spinal cord (the medial longitudinal bundle, the reticulo-spinal and 
vestibulo-spinal fibre tracts) became medullated earlier than the afferent fibre 
paths. The posterior column fibres of the cord in these forms medullated slowly, 
the fasciculus cuneatus becoming medullated earlier than the fasciculus gracilis. 

In the brain stem of Natrix sipedon the medial longitudinal bundle is the first 
long fibre tract to become medullated; the direct vestibulo-spinal tract begins to 
become medullated at a slightly later stage. The reticulo-spinal fibre tracts are 
likewise medullated quite early. The oculomotor nerve roots, the abducens nerve 
root, the motor root of the facial nerve, and the hypoglossal nerve roots become 
medullated very early. The trochlear nerve roots become medullated later than 
the oculomotor nerve roots. The trigeminal motor and sensory nerve roots and 
the mesencephalic trigeminal nerve root medullate very early. 

The vestibular root of the eighth nerve is medullated very early as in the opossum 
and cat (Langworthy, 1928 and 1929). The cochlear root of the eighth nerve 
becomes medullated only slightly later than the vestibular root (138 mm.), thus 
differing from that of the cat as described by Langworthy (1929) and Windle, Fish 
& O'Donnell (1934) where the cochlear root does not become medullated until 
quite late. The motor and sensory ropts of the vagus nerve, the solitary tract. 
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and the cranial root of the spinal accessory nerve do not become medullated until 
quite late. ; .. 

A considerable number of fine medullated secondary vagal fibres is present in the 
213 mm. stage of Natrix sipedon. Similar secondary vagal fibres, which may 
possibly be homologous with those of Natria sipedon, have also been described in the 
new-born kitten by Tilney & Casamajor (1924) and Langworthy (1929). A group 
of trigemino-mesencephalic fibres, which is medullated very early, occurs in Natrix 
sipedon. This fibre bundle may be similar to the trigemino-mesencephalic fibre 
system noted by Tilney & Casamajor (1924) in the new-born kitten. 
~ In Natrix sipedon collateral and terminal fibres from the marginal optic tracts, 
which can be followed into the lateral geniculate body as well as the optic fibre 
layer of the optic tectum, do not become medullated until the relatively late new- 
born stage. They resemble those in the opossum and cat as noted by Langworthy 
(1928) and Tilney & Casamajor (1924). In these forms medullated optic fibres do 
not reach the lateral geniculate body, and the optic fibre layer of the superior 
quadrigeminal colliculus does not become medullated until very late. 

The vestibular fibre connections with the spinal cord, through the medial longi- 
tudinal bundle, appear early. The ascending connections of the medial longitudinal 
bundle with the interstitial nucleus and nucleus of the posterior commissure do not, 
however, become medullated until a somewhat later stage (188 mm). Descending 
medullated fibres in the medial longitudinal bundle from the nucleus interstitialis 
do not appear until a quite late stage of Natrix sipedon (213 mm.). They resemble 
those in the opossum and cat, as noted by Langworthy (1928) and Windle, Fish & 
O’Donnell (1934), where the ascending fibres in the medial longitudinal bundle 
became medullated earlier than the descending fibres in this tract. 

An internal division of the arcuate fibre system and a medial lemniscus, similar to 
that noted by Christensen (1917) in Sphenodon punctatum and by Shanklin (1930) 
in Chameleon vulgaris, occur in Natrix sipedon. These fibre bundles may also be 
homologous with the internal arcuate fibre system and the medial lemniscus of 
marsupials and other mammals. As in marsupials (Langworthy, 1928) and 
other mammals (Tiley & Casamajor, 1924) the internal arcuate fibre system and 
the medial lemniscus in Natrix sipedon do not become medullated until a relatively 
late stage. 

The brachium conjunctivum anterius becomes medullated relatively early. The 
vestibulo-cerebellar and spino-cerebellar tracts, however, are not medullated in the 
cerebellum until a relatively late stage. The lateral lemniscus is medullated early, 
and in the 188 mm. stage of Natrix sipedon it can be traced to its termination in the 
inferior corpora quadrigemina and nucleus isthmi. In the cat on the other hand 
Tilney & Casamajor (1924) and Langworthy (1929) found that the lateral lemniscus 
does not become definitely medullated, and cannot be traced to the inferior quadri- 
geminal colliculus, until the new-born stage. 

In the midbrain the tegmental component of the dorsal tecto-bulbar tract appears 
lightly myelinated at quite an early stage, but the tectal component does not 
become medullated until considerably later. In the cat Tilney & Casamajor 
(1924) likewise noted that the tectal component of the tecto-spinal and tecto- 
bulbar fibre system becomes medullated much later than the tegmental or mesen- 
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cephalic reticulo-spinal component. In Natrix sipedon the dorsal tecto-bulbar 
fibre tracts become medullated considerably earlier than the ventral ones. 

Thus in comparing our findings in Natrix sipedon with those of Tilney & 
Casamajor (1924) and Langworthy (1929) in the cat it is evident that the fibre 
tracts of the spinal cord, medulla, and midbrain of Natrix sipedon medullate in the 
same order as those of mammals, though more precociously. Our findings agree 
with those of Langworthy on the order of medullation of the fibre tracts in the 
opossum and cat. The phylogenetically most ancient fibre tracts medullate sooner 
than the newer tracts. 

The order of medullation of the fibre tracts in Natrix sipedon also largely re- 
sembles that in amphibia as described by Kreht (1940). Asin amphibia, the motor 
tegmentum, the medial longitudinal bundle, and dorsal arcuate (octavo-motorius) 
fibres become medullated early in Natrix sipedon. The order of medullation of the 
cranial nerves in Natrix sipedon is likewise similar to that of amphibia as noted by 
Kreht (1940). As in amphibia, the fibre systems of the cerebellum, tectum 
mesencephali, diencephalon and forebrain of Natrix sipedon become medullated 
quite late. 


SUMMARY. 


l. The descending fibre tracts extending from the brain to the spinal cord (the 
medial longitudinal bundle, the reticulo-spinal and the direct vestibulo-spinal 
tracts) become medullated earlier than the afferent fibre paths from the spinal 
cord to the brain. 

2. In the brain stem the vestibular nerve, the direct vestibulo-spinal tract, 
medial longitudinal bundle, and reticulo-spinal fibres are medullated very early. 

3. The lateral lemniscus is medullated, and can be traced to the inferior corpora 
quadrigemina and nucleus isthmi, at a relatively early stage of Natrix sipedon. 

4. The tectal component of the dorsal tecto-bulbar fibre tract does not become 
medullated until quite late. The dorsal tecto-bulbar fibre tracts are medullated 
earlier than the ventral ones. 

5. The fibre tracts of the spinal cord, medulla, and midbrain in Natrix sipedon 
become medullated in the same order as those of the opossum and the cat. The 
phylogenetically most ancient fibre tracts become medullated sooner than the 
newer tracts. ; 

6. The order of medullation of the cranial nerves and fibre tracts in Natrix 
sipedon resembles that of amphibia. 
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LIst OF ABBREVIATIONS. 


A.Cm., Anterior commissure. 

Af.L., Afferent fibre layer of optic tectum. 

Arc. Fib.H#., Arcuate fibres (external division). 

Arc.Fib.I., Internal arcuate fibres. 

Ba.Op.R., Basal optic root. 

Cer., Cerebellum. 

Co.Cb., Inferior cerebellar commissure. 

Com.Po., Posterior commissure. 

Com.Po.D., Pars dorsalis of posterior 
missure. 

C.P., Corpus quadrigeminum posterius. 

Ct.Pyr., Pyriform cortex. 

Dec.Br.Conj., Decussation of brachium conjunc- 
tivum anterius. 

Dec.R.T'y., Decussation of trochlear nerve root. 

Dec.Sp.D., Dorsal supraoptic decussation. 

Dec.Sp.V., Ventral supraoptic decussation. 

Dec.Tr.Tb.D.Cr., Decussation of dorsal tecto- 
bulbar tract. 

Dec.Tr.Tb.Vn.Cr., Decussation of crossed ventral 
tecto-bulbar tract. 

Dec.T'r.Cr.M., Decussation of cerebello-motorius 
tract. 

Dr.Fb.V.Cr., Direct trigemino-cerebellar fibres. 

Fb.Tr.V.Ms., Trigemino-mesencephalic fibres. 

F.Cun., Fasciculus cuneatus. 

F..Gr., Fasciculus gracilis. 

Fib.Arc.D., Dorsal arcuate fibres. 

Fib.Dec.Nu.111., Decussating fibres between the 
oculomotor nuclei. 

Fib.Dor.Trig.Cr., 
fibres. 


com- 


Dorsal trigemino-cerebellar 


Fib.X.Sec., Secondary vagal fibres. 

F.L.P., Medial logitudinal bundle. 

F.V., Ventral arcuate fibres. 

G.Ist., Ganglion isthmi. 

Lem.L., Lateral lemniscus. 

Lem.Med., Medial lemniscus. 

L.F.B., Lateral forebrain bundle. 

L.F.B.Pd.Vn., Ventral peduncle of lateral fore-. 
brain bundle. 

L.Fun., Lateral funiculus of spinal cord. 

L.Opt., Lateral division of optic tract. 

M.F.B., Medial forebrain bundle. 

M.Opt., Medial division of optic tract. 

N.J., Nucleus interpeduncularis. 

N.II., Oculomotor nerve root. 

N.St., Neostriatum. 

Nu.Ba.Op., Nucleus of basal optic root. 

Nu.Mot.Teg.S., Nucleus motorius tegmenti pars. 
superior. 

Nu.Pret., Nucleus pretectalis. 

Nu.V.C., Nucleus vestibulo-cerebelli. 

O.Ch., Optic chiasma. 

Op.L., Optic fibre layer of optic tectum. 

Par.Hip., Parahippocampal cortex. 

P.Fun., Posteroir funiculus of spinal cord. 

Rk.Ab., Root of abducens nerve. 

R.Ac., Ramus acousticus of the eighth cranial. | 
nerve. 

Rd.Acc., Cranial root of spinal accessory nerve. 

Rd.Hyp., Root of hypoglossal nerve. 

Ret.Bi,, Reticula-bulbar fibres. 

Ret.Sp., Reticulo-spinal fibres. 
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R.Mes.V., Mesencephalic root of trigeminal nerve. 

R.M.Fac., Motor root of facial nerve. 

R.M.V., Motor root of the trigeminal nerve. 

R.S.V., Sensory root of trigeminal nerve. 

R.Tr., Root of trochlear nerve. 

R.V., Spinal tract of trigeminal nerve. 

R.Vs.D., Radix vestibularis descendens. 

R.Vs., Vestibular division of the eighth cranial 
nerve. 

R.X.M., Motor root of vagus nerve. 

R.X.8., Sensory root of vagus nerve. 

T.O., Optic tectum. 

Tr.Cer.Vs., Cerebello-vestibular tract. 

Tr.Cr.M., Tractus cerebello-motorius. 

Tr.Fas.Pr., Fasciculus proprius fibres. 
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Tr.Sol., Solitary tract. 

Tr.Sp.C., Spino-cerebellar tract. 

Tr.Sp.Ms., Spino-mesencephalic tract. 

Tr.Tb.D., Dorsal tecto-bulbar tract. 

Tr.Tb.D.Cr., Tractus tecto-bulbaris dorsalis 
cruciatus. 

Tr.Tb.D.Cr.Teg., Tegmental component of dorsal 
crossed tecto-bulbar tract. 

Tr.Tb.Vn., Tractus tecto-bulbaris ventralis. 

Tr.Tb.Vn.Cr., Ventral crossed tecto-bulbar tract. 

Tr.Tc.Th.V., Ventral tecto-thalamic tract. 

Tr.Vs.Cer., Vestibulo-cerebellar tract. 

Tr.Vs.Sp.L., Direct vestibulo-spinal tract. 

V.Fun., Ventral funiculus of spinal cord. 

V.Com., Ventral commissure of spinal cord. 
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PLATE 1. 


Fig. 1. Transverse section of the medulla of a 125 mm. Natrix supedon embryo at 
the level of the motor trigeminal nerve root, Weigert-Pal-carmine stain. 

Fig. 2. Transverse section at the cervical level of the spinal cord of a 138 mm. 
Natrix sipedon embryo, Weigert-Pal-carmine stain. 

Fig. 3. Transverse section of the medulla of a 1388 mm. Natrix sipedon embryo at 
the level of the hypoglossal nerve root, Weigert-Pal-carmine stain. 
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PLATE II. 


Fig. 4. Transverse section of the medulla of a 138 mm. Natrix sipedon embryo at 
the level of the vestibular nerve root, Weigert-Pal-carmine stain. | 

Fig. 5. Transverse section at the cervical level of the spinal cord of a 163 mm. 
Natrix sipedon embryo, Weigert-Pal-carmine stain. 

Fig. 6. Transverse section of the medulla of a 163 mm. Natria sipedon embryo at 
the level of the vestibular nerve root, Weigert-Pal-carmine stain. 
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PLATE III. 


. Transverse section of the medulla of a 163 mm. Natrix sipedon embryo at 
the level of the motor trigeminal nerve root, Weigert-Pal-carmine stain. 
8. Transverse section at the caudal level of the midbrain of a 163 mm. Natrix 
supedon embryo, Weigert-Pal-carmine stain. 
9. Transverse section of the midbrain of a 163mm. Natrix sipedon embryo, 
slightly rostral to the level shown in fig. 11, Weigert-Pal-carmine stain. 


“I 


g. 10. Drawing of a transverse section of the midbrain of a 163mm. Natrix 


sipedon embryo at the level of the dorsal tecto-bulbar descussation, 
Weigert-Pal-carmine stain. 
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PLATE IV. 


Fig. 11. Transverse section at the cervical level of the spinal cord of a 188 mm. 
Natrix sipedon embryo, Weigert-Pal-carmine stain. 

Fig. 12. Transverse section of the medulla of a 188 mm. Natrix sipedon embryo at 
the level of the hypoglossal nerve root, Weigert-Pal-carmine stain. 

Fig. 13. Transverse section of the medulla of a 188 mm. Natrix sipedon embryo 
at the level of the vestibular nerve root, Weigert-Pal-carmine stain. 
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PAV: 


Fig. 14. Transverse section of the medulla of a 188 mm. Natrix stpedon embryo at 
the level of the motor trigeminal root nerve, Weigert-Pal-carmine stain. 

Fig. 15. Transverse section at the caudal level of the midbrain of a 188 mm. 
Natrix sipedon embryo, weigert-Pal-carmine stain. 

Fig. 16. Transverse section at the cervical level of the spinal cord of a 213 mm. 
Natrix sipedon embryo, Weigert-Pal-carmine stain. 


Note :—Figs. 14, 15 have been slightly retouched in order to block out blood vessels or imper- 
fections in the negative. In no case does the retouching effect any of the fibre systems illustrated. 
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PLATE VI. 


Fig. 17. Transverse section of medulla of a 213 mm. Natriz sipedon embryo at 
the level of the hypoglossal nerve root, Weigert-Pal-carmine stain. 

Fig. 18. Transverse section of the medulla of a 213 mm. Natrix sipedon embryo 
at the level of the motor and sensory vagus nerve roots, Weigert-Pal- 
carmine stain. 

Fig. 19 Transverse section of the medulla of a 213 mm. Nairia sipedon embryo at 
the level of the vestibular nerve root, Weigert-Pal-carmine stain. 
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Fig. 20. 


Fig. 21. 


Fig. 22. 


Fig. 23. 
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PLATE VII. 


Transverse section of the medulla of a 213 mm. Natrix svpedon embryo at 
the level of the motor trigeminal nerve roots, Weigert-Pal-carmine 
stain. 

Transverse section of the midbrain of a 213 mm. Natria sypedon embryo at 
a level slightly caudal to the dorsal tecto-bulbar decussation, Weigert- 
Pal-carmine stain. 

Drawing of a transverse section of the midbrain of a 213mm. Natrix 
sipedon embryo at the level of the dorsal tecto-bulbar decussation, 
Weigert-Pal-carmine stain. 

Drawing of a transverse section of the caudal extremity of the dien- 
cephalon of a 213 mm. Natria sipedon embryo, Weigert-Pal-carmine stain. 
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AMERICAN WATER SNAKE (NATRIX SIPEDON) 


PLATE VIII. 


. Transverse section of the medulla of a 225 mm. Natrix supedon embryo at 


the level of the hypoglossal nerve root, Weigert-Pal-carmine stain. 


. Transverse section of the medulla of a 225 mm. Natrix siypedon embryo at 


the level of the motor trigeminal nerve roots, Weigert-Pal-carmine stain. 


. Transverse section of the caudal extremity of the midbrain of a 225 mm. 


Natrix sipedon embryo, Weigert-Pal-carmine stain. 
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PLATE IX. 
Transverse section of the midbrain of a 225 mm. Natrix sipedon embryo at 
the level of the ventral tecto-bulbar decussation, Weigert-Pal-carmine 
stain. 
Fig. 28. Transverse section of the caudal extremity of the diencephalon of a 
238 mm. Natria sipedon embryo, Weigert-Pal-carmine stain. 
Fig. 29. Transverse section of the telencephalon of a 238mm. Natrix sipedon 
embryo at the level of the optic chiasma, Weigert-Pal-carmine stain. 
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Note :—Fig. 27 has been slightly retouched in order to block out blood vessels or imperfections in. 
the negative. In no case does the retouching affect any of the fibre systems illustrated. 


— 7 — = r - J - me a Ls 
a NM ae ; a , c J ch om a " 


Sok oa 7 Weare 7 ool: Soc: Vol. XXVII. Warner. PI. LX ; 


Op. L. 


M. Opt. 


LaTr. Tb. D. 


Tr. Tb. Vn. Com. Po. D. 


F.LePs 


: “Tr. Tb. Vn. 
tr bbs Gr. 


Tr. Tb. Vn. 


4 Nu. Ba. Op. 


Nu. Mot. Teg. S. MEB. 


Atr. Tb. Vn. Cr. 
ie” Ba. Op. R. 


by 


Dec, dirtiba VinewGr: 


7a 28 


oF 


L.F.B. Pd. Vn. 


Ct. Pyr._ —» 


Dec. Sp. D.F 


29 


: Central Nervous System of the American Water Snake. 


[349] 


Comparative anatomy of the Mallophagan head. 


By Sawa Symmons, B.Sc., Ph.D., 
Natural History Department, University of Aberdeen. 


(With 60 figures in the text.) 
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I. INTRODUCTION. 


No previous attempt has been made to present a comparative account of the head 
of Mallophaga, or chewing lice, to include genera from all the main groups of the 
suborder. Strindberg (1916) gave accounts of development and adult morphology 
of two closely related genera, Gyropus and Gliricola, but, apart from this, other 
workers (Snodgrass, 1905; Cummings, 1913, 1916) up to that date were chiefly 
interested in the structure of the mouth-parts. More recently, however, descrip- 
tions of the head have appeared (Cope, 1940 a, 1941; Stowe, 1943); these are 
confined to one species each of the genera, Harrisoniella, Tetrophthalmus, and 
Trimenopon. Kéler (1938, 1939), in monographs on Trichodectidae and Goniodidae, 
gave details of the external morphology of typical heads of these two families 
primarily for taxonomic purposes. Homologies applied to the various parts of the 
head in these descriptions are not always in agreement. 

The present study of the anatomy of the Mallophagan head, in which a large 
number of representative genera have been examined, has two main objects in 
view : (1) to construct a generalized Mallophagan head which may aid in establishing 
homologies and interpretation of main types within the suborder ; and (2) to dis- 
tinguish anatomical features of the head which may have phylogenetic significance. 
Such features are subsequently reviewed in the light of previous morphological 
evidence of affinities such as spiracular structure (Webb, 1946), distribution of 
gonapophyses in the female lice (Hopkins, 1949), and, also in the light of biological 
and ecological studies such as those based on host-associations (Hopkins, 1949). 

The most recent classification of Mallophaga and related insects adopted by 
Hopkins (1949) reflects the modern conception of their relationships. This classi- 
fication has been used in the list of species here examined. It will be seen that they 
are all embraced within the superorder Psocoidea ; the order Psocoptera (book and 
bark lice) ranks with the order Phthiraptera, which includes the Mallophaga 
(chewing lice) and the Anoplura (sucking lice). Haematomyzus, the elephant louse, 
is placed in a separate superfamily, the Rhyncophthirina, which, with the super- 
families Amblycera and Ischnocera, form the Mallophaga. Representative forms 
of insects related to the Mallophaga have been included in this investigation to 
further interpretation of the structural peculiarities of the latter, and complete the 
evolutionary sequence of any characteristics which appear to bear upon Mallophagan 
phylogeny. 

To carry out the present investigation attention has been directed to analysis of 
skeletal structures and the muscles and ligaments associated with them. 

A fundamental issue is interpretation of the internal head skeleton, or tentorium 
of Mallophaga, on which, hitherto, there have been conflicting views, some apparently 
insecurely based. Differences of opinion probably indicate variation of tentorial 
form in the different genera studied by other workers. Their results are discussed 
in the introductory section on the tentorium of the Psocoidea. 

The importance of accurate determination of the tentorial pits is recognized by 
the fact that they always arise in association with certain sutures, 2.e. either the 
sub-genal, or clypeo-frontal in the case of the anterior ones, and post-occipital in 
the case of the posterior ones. These sutures, which normally act as boundary lines 
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of the head sclerites in less specialized insects, are, in Mallophaga, difficult to deline- 
ate because of extensive fusion, migration, or suppression, so that reliable points ot 
reference such as these pits must be given first consideration. The occurrence 
and position of ligaments within the head associated with the tentorium have not 
been analysed in Mallophaga by other workers. Badonnel (1934) has described 
some of these in the related Psocoptera. Recognition of important additional 
ligaments, and location of the anterior tentorial pits and origins of muscles upon the 
head capsule, have proved invaluable in the mapping of a generalized Mallophagan 
head. 

The general form and degree of development of the tentorium of Mallophaga 
and Anoplura merit closer investigation because of the present uncertain state 
of knowledge concerning them. It was thought, moreover, that a comprehensive 
survey of the internal structures might prove of greater value from the phylogenetic 
point of view than external morphology. 

Psocoidean mouth-parts have received attention by many workers, and are 
only taken into account here when reference to them assists the description of 
muscles believed to be of importance in the present study, or when new 
features are mentioned. Outlines of the mouth-parts are, however, included in 
many of the diagrams for the sake of completeness. 

The detailed form of the central nervous system of a species of Amblycera 
(Mallophaga) has been presented by Stowe (1943), and, for the Psocoptera, by 
Badonnel (1934). No features unusual to insects were mentioned by these 
authors. An- account of the nervous system, therefore, is not given here, 
though outlines of it are included in some of the diagrams to indicate its position 
relative to the internal skeleton and other organs. In a few instances special 
nerves are referred to whenever they were used for the identification of particular 
structures. However, since a fibrous structure in Anoplura which is associated 
with the head ganglia and muscles of the extremely modified mouth-parts of 
these sucking lice, first mentioned by Florence (1921), has been described and 
called the obturaculum by Stojanovich (1945), it seemed possible that a similar 
structure might be present in those Mallophaga most closely related to the 
Anoplura, in which case it would be of interest in the study of the evolution of 
these groups. 


Il. List of Spectres EXAMINED. 


Superorder PSOCOIDEA. Menopon gallinae (Linnaeus) 
Order PSOCOPTERA. from Gallus domesticus Linnaeus : 
Lepinotus s Aberdeen. ; : 
Lin li Bs Menacanthus stramineus (Nitzsch) 
paca gedbad 9) Dass . : from Gallus domesticus Linnaeus : 
Several other unidentified Psocids. Ma Ssrd neat. 
Order PHTHIRAPTERA. Myrsidea isostoma (Nitzsch) 
Suborder MALLOPHAGA. from Corvus frugilegus Linnaeus: 
Aberdeen. 


Superfamily RHYNCOPHTHIRINA. 


Haematomyzus elephantis Piaget 
from Elephas maximus Linnaeus. 


Ancistrona vagelli (Fabricius) 
from Fulmarus glacialis (Linnaeus). 
Trinoton femoratum Piaget 


Superfamily AMBLYCERA. from Phoenicopterus ruber antiquorum 
Colpocephalum subaequale Burmeister Temminck : Port Sudan. 
from Corvus frugilegus Linnaeus : Trinoton sp. 
Aberdeen. from Anas platyrhynchos Linnaeus. 


Be 


352 


SAIDA SYMMONS 


Piagetiella (T'etrophthalmus) sp. 
from Pelecanus sp. 
Laemobothrion percnoptert (Gervais) 
from Neophron p. percnopterus 
(Linnaeus). 
Laemobothrion tinnunculi (Linnaeus) 
from Falco tinnunculus Linnaeus. 
Ricinus fringillae Degeer. 
from Emberiza citrinella Linnaeus. 
Gyropus ovalis Burmeister 
from Cavia wporcellus (Linnaeus) : 
Scotland. 
Gliricola porcella (Schrank) 
from Cavia porcellus (Linnaeus) : 
Scotland. 
Trimenopon jenningsi Kellogg & Paine 
from Cavia aperea Erxleben: 
S. America. 
Heterodoxus spiniger (Enderlein) 
from dog : Kampala, Uganda. 
Boopia spinosa Harrison & Johnston 
from Phascogale tapoatafu Meyer : 
West Australia. 


Superfamily IscHNocERA. 


Family Philopteridae (and others (apart 
from Trichodectidae)). 
Goniodes oreophilus Clay 
from Francolinus shelleyi Ogilvie- 
Grant : Kenya. 
Goniodes lagopi (Linnaeus) 
from Lagopus scoticus (Latham) : 
Scotland. 
Campanulotes compar (Burmeister) 
from Columba livia Linnaeus. 
Columbicola columbae (Linnaeus) 
from Columba livia Linnaeus. 
Bruelia sp. 
from T'urdus pilaris Linnaeus. 
Lipeurus caponis (Linnaeus). 
from Gallus domesticus Linnaeus. 
Philopterus atratus Nitzsch 
from Corvus frugilegus Linnaeus : 
Aberdeen. 
Degeeriella sp. 
from Milvus migrans parasiticus 


Harrisoniella sp. 


from Diomedea exulans Linnaeus : 


Antarctic. 
Ornithobius bucephalus (Giebel) 


from Cygnus olor (Gmelin): Scotland. 


Ibidoecus plataleae (Denny) 
from Platalea leucorodia major 
Temminck & Schlegel: Sudan. 
Struthiolipeurus sp. 
from Rhea americana (Linnaeus). 
Osculotes sp. 
from Opisthocomus hoazin (P. L. 8. 
Miiller). 


Family Trichodectidae. 


Trichodectes canis (Degeer) 
from dog : England. 
Eutrichophilus setosus (Giebel) 
from Hrethizon dorsatum (Linnaeus) : 
N. America. 
Eutrichophilus minor Mjéberg 
from Coendou villosus (Cuvier) : 
Brazil. 
Felicola subrostratus (Burmeister) 
from Ichneumia albicauda (G. Cuvier): 
Kampala, Uganda. 
Dasyonyx nairobiensis Bedford 
from Procavia lopesi ssp. : Uganda. 
Damalinia (Cervicola) forficula (Piaget) 
from Axis axis  (Erxleben) : 
Johannesburg Zoo. 
Damalinia (Bovicola) ovis (Schrank) 
from Ovis aries Linnaeus : England. 
Damalinia (Bovicola) bovis (Linnaeus) 
from Bos taurus Linnaeus: England. 


Superfamily ANOPLURA. 


Polyplax spinulosa (Burmeister) 
from Rattus norvegicus (Erxleben) : 
Aberdeen. 
Haematopinus suis (Linnaeus) 
from Sus scrofa Linnaeus : Aberdeen. 
Euhaematopinus sp. 


from Parascalops br ewert (Bachman): 
(Daudin). New York. 


In every case heads of female lice were examined to avoid complications that might be associated 
with certain specialized characters (e.g., in antennal form) exhibited by some of the male lice. 


II]. MarrerraL AND METHODS. 
1. Material collected. 


Live specimens from newly killed birds were fixed overnight in hot Bouin 
(60° C.) without previous narcotization. 


2. Material presented. ; 

A wide survey of Amblyceran and Ischnoceran Mallophaga was made possible 
by presentations of many species from Miss Theresa Clay, The British Museum 
(Natural History), London, 8.W.7, and Mr. G. H. E. Hopkins, Tring Museum, 
Hertfordshire. 
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Some of the material sent by Miss Clay had been fixed in Zenker, and sectioned 
well. Material which had been spirit-fixed was difficult to section due to this 
mode of fixation and long immersion in alcoholic storage fluid. Details of 
internal soft tissues were sometimes impossible to trace in preparations from 
the latter material, but the chitinous parts showed up sufficiently well, and 
muscles were usually distinguishable. 

Mr. Stirling, The Royal Scottish Museum, Edinburgh, kindly collected and 
fixed the specimens of the guinea-pig louse and also sent a few alcohol-fixed bird 
Mallophaga. 

Professor J. E. Webb, University College, Ibadan, Nigeria, supplied specimens 
of Damalinia, Huhaematopinus, Haematomyzus and others. 

Dr. Eichler, Parasitologisches Institut der Universitat, Leipzig, sent specimens 
of Struthiolipeurus. 

Miss Clay identified some of the bird Mallophaga used in this investigation. 

Thanks are given to all who assisted in these ways. 


3. Preparation of whole mounts. 


Two well-known methods of clearing and mounting whole specimens were 
adopted. Both methods enabled camera-lucida drawings to be made of the 
outline of the head and internal skeletal structures if these were sclerotized. 

- A. The specimens were treated with warm 10 per cent potassium hydroxide 
until soft, internal tissues were sufficiently dissolved. They were then either 
dehydrated with increasing strengths of alcohol, cleared in xylol, and mounted 
in Gurr’s neutral mounting medium, or merely washed in water and mounted in 
Swan’s gum-chloral mountant. 

B. The second method often resulted in the tentorium showing up better 
than in the former. Specimens were treated for some time with lactic acid, kept 
warm over an oven. When sufficiently clear they were transferred, for about 
half an hour, into liquid phenol, after which they were mounted in Swan’s 
mountant. 

Sometimes the specimens were not treated with potash or lactic acid, but 
simply cleared and mounted, so that the outlines of muscles could be seen. 


4. Preparation of serial sections. 


The Mallophaga are notoriously difficult to section because of the thickened, 
chitinous areas of the head and body. Most workers have obtained best results 
by resorting to a double-embedding method, such as that of Peterfi (Pantin, 
1946). A modified celloidin-wax method was devised with fewer operations than 
required by other forms of double-embedding. 

After fixation in hot Bouin or Zenker, the lice were dehydrated and cleared 
in Supercedrol (Gurr, London). Several changes were given over periods of a 
few hours to a day or two, according to the size of the specimens. 

A solution of celloidin was prepared in equal quantities of absolute alcohol and 
ether to give a 2-6 per cent celloidin mixture. When thoroughly dissolved this 
was diluted in Supercedrol to give an approximately 1 per cent celloidin solution. 
The dehydrated specimens were placed in this for a day or two, or longer ; provided 
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that the liquid did not evaporate too much, no harm came to the specimens left 
indefinitely in this. It was found best not to rush the specimens through this 
solution as the celloidin seemed to take time to penetrate. 

Hardening of the celloidin and preliminary wax impregnation was accomplished 
in one operation. The specimens were lifted from the celloidin solution with a little 
of it adhering to the outside of the specimens, and then placed in a saturated mixture 
of wax and chloroform at a temperature of 37-40° C. for about twelve hours. 
When it was judged that the celloidin had hardened and the wax had penetrated, 
the specimens were removed to melted pure wax in a vacuum embedding bath. 
The wax used was of melting-point 60°C., and had been previously heated to smoking- 
point and filtered, as described by Webb (1945). Impregnation of wax under 
vacuum conditions took about two hours. 

The above method had several advantages over others. Immersion in liquids 
known to harden chitin, such as alcohol and xylol, was avoided ; Supercedrol did 
not seem to have this effect. By dilution of the alcohol-ether solution of celloidin 
with Supercedrol, the alcohol was of low concentration, so that its deleterious 
hardening properties were minimized. This procedure also avoided the necessity of 
replacing the dehydrating agent or clearing agent by alcohol-ether mixtures prior to 
immersion in the celloidin. For, since the dehydrating agent is the same as the 
celloidin solvent, the specimens could be placed directly from one to the other. 
The presence of chloroform in the wax-chloroform solution was enough to harden 
the celloidin, 7.e. there was no need to place the material in chloroform alone before 
the wax solution. The material could be kept at a fairly low temperature whilst 
in the wax-chloroform mixture, so avoiding high temperatures which cause chitin to 
harden. Since chloroform is very volatile it rapidly boiled off at the reduced pressure 
in the vacuum bath. The specimens were thus not exposed to long immersion at a 
high temperature. Timing, in the above method, was flexible and the material 
appeared to come to no harm if left for long periods in Supercedrol or the 
Supercedrol-celloidin solution so long as excessive evaporation was prevented. 

The specimens were embedded in watch-glasses, and oriented carefully in a 
manner described by Webb (1945). They were not sectioned until the wax was 
thoroughly hard. 


5. Staining and sectioning. 

The lice were sectioned at 5-10» with a rotary microtome. The ribbons were 
floated over water on a slide previously smeared with egg albumen in the usual way. 
Equal expansion and flattening was secured by placing the prepared ribbons on the 
slides in an oven at 45-50° C. 

Heidenhain’s Azan staining method (Pantin, 1946), with slight modifications, 
was usually employed, as this showed up the chitinous structures very well, and 
differentiated muscular and nervous tissue clearly. Ehrlich’s haematoxylin was 
also used where details of cells were required. 

The Azan method was modified as follows. After removal of the wax from the 
sections and their passage through absolute alcohol and weaker alcohols to water, in 
the orthodox way, the slides were placed in the azocarmine solution. A few min- 
utes in this stain, instead of the usual time of an hour or so, was enough ; moreover, 
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it was used cold instead of hot. Advantage was gained by slight overstaining 
at this stage. If necessary, differentiation with aniline water, as normally 
recommended, was made. Immersion of the slides, after a rapid rinse in water, in a 
solution of approximately 10 per cent phosphotungstic acid in water, mordanted for 
the aniline blue and fixed the red dye. It was found that the solution of the 
mordant must be freshly prepared. After about an hour the slides were again 
washed and then placed in the Azan solution containing aniline blue and orange G. 
Half an hour, or longer if this solution had been diluted, was usually long enough. 
The slides, when removed from this solution, were drained, and the surplus stain 
removed with 90 per cent alcohol. Dehydration in absolute alcohol was the next 
step, followed by clearance in xylol. The sections were mounted in balsam or 
Gurr’s mounting medium. 

The Azan stain differentiates the exocuticle, which stains orange, whilst the 
endocuticle and other non-sclerotized parts of the chitinous skeleton, such as the 
intersegmental membranes, are stained blue. Slightly sclerotized chitin stains a 
reddish colour. In well-fixed material longitudinal sections of muscles show up in a 
beautiful red and blue striation which makes them readily recognizable from the 
deep blue nerve fibres. Ligamentous tissue is also blue but paler and more 
irregular in colour. Cytoplasm stains a pale pink, and the ganglionic and epidermal 
nuclei are a deep pink. Basement membranes, like the ligaments, are a light blue. 
Although outlines of individual cells are not well differentiated, as in the 
haematoxylin preparations, this Azan method was essential for the present investi- 
gation which primarily concerns the anatomy of chitinous structures. Generally, 
staining was carried a little further than was absolutely necessary for examination 
alone, as it proved easier to make camera-lucida drawings from more deeply stained 
preparations. 


6. Illustrations. 

All diagrams of the insects, except the generalized forms, have been made with 
the aid of a camera lucida. 

Figures of whole heads were made from the cleared whole mounts. A heavily 
sclerotized tentorium shows through the exoskeleton. When this is not the case, 


‘it has, nevertheless, been included in the diagram of the whole head as if it did 


so, by reference to measurements taken from the sections. This shows up its 
position in relation to the other head structures. 

The reconstructions were built up from a series of camera-lucida drawings of 
consecutive sections. The first section required was traced on to transparent 
paper. This outline was then placed over the next drawing of the sections, and 
structures visible around the outlines already made were added. A form of 
contour drawing was obtained similar to those prepared in a more elaborate way 
by Pusey (1939). Addition of further outlines was stopped when a sufficiently 
*‘ thick section ’’ was obtained to illustrate the desired structures in that particular 
part of the head. It was sometimes difficult to orientate the sections correctly 
without external points of reference, and without resort to more complicated 
methods necessary when the material has no symmetry (Pusey, 1939). However, 
this difficulty was, to some extent, overcome by checking the reconstructions 
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against outlines of the head and sections in a plane at right angles to those in 
process of construction. In a few cases a deliberate shift, as it were, of sections 
was allowed, so that an angular view was obtained in order to show a greater 
number of structures in the one illustration; see fig. 10 of the longitudinal 
reconstruction of the head of Colpocephalum in dorso-lateral view. It is 
appreciated that some distortion is inevitable in the latter method, and 
recognition of this is admitted by addition of a scale expressed approximately. 
When reconstructions are not built up by slight displacement from the true angle 
they are probably correctly orientated because use was made of the fact that 
insects are at least bilaterally symmetrical, and the drawings were carefully 
checked in the manner indicated. Some of the muscles or other structures on 
the reconstructions are drawn as though cut away on one side or other, to show 
underlying parts. In some cases the right and left halves of the diagram are 
not reconstructed from the same plane, i.e. they have been begun at a different 
section in the series, either more anterior or more posterior in the case of 
transverse sections. By this method more features of the anatomy were included 
in the one diagram. 

The dorsal views of heads which show muscle origins were made in the 
following manner. The main outlines were traced with a camera-lucida. The 
muscle origins were added by measurements from camera-lucida drawings of 
serial transverse or longitudinal sections. 

Cut surfaces of chitinous parts are usually shown in unbroken black or black 
stippled with white. Alternating lines and dots serve to depict the muscles- 
whether in longitudinal section or entire, whilst irregularly placed short lines 
distinguish transversely cut muscles. Ligaments are added in irregular broken 
lines, and apodemes usually by stipple. 


IV. Tur GENERALIZED INsEcT HEAD AND TrENTORIUM. (Fig. 1.) 


A generalized insect tentorium and cranium is described to introduce 
terminology and act as a reference when these structures are interpreted in 
Mallophaga and related insects. 

Information is based chiefly on accounts in the text-books of Imms (1946) 
and Snodgrass (1935); reference has also been made to papers on insect 
embryology (Strindberg, 1913; Tiegs & Murray, 1938) and the text-book by 
Johannsen & Butt (1941). The diagram of the generalized head and tentorium 
(fig. 1) is an imaginary construction of the external head capsule, part of which 
has been cut away to reveal the internal skeleton. The main outline is modified 
from the diagram given by Ferris (1943) in a paper on the basic materials of the 
insect cranium, though the more familiar terms used by Imms and Snodgrass 
have been retained. 

The tentorium, or endoskeleton of the head of pterygote insects is an internal, 
chitinous framework of ectodermal origin, which arches over the ventral nerve 
cord, whilst the oesophagus lies above it. The tentorium as a whole braces the 
head capsule. Attached to it are certain muscles of the mouth-parts, antennae, 
oesophagus, and prothoracic sternal apophyses. It has no muscles of its own. 
In its most typical form it is a tent-like structure consisting of a pair of anterior 
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and posterior arms which are united centrally by a cross-piece of hollow chitin, 
called the tentorial bridge or corporo-tentorium. 

The tentorium arises in the embryo as two pairs of ectodermal invaginations 
(Strindberg, 1913; Tiegs & Murray, 1938). In most Pterygota the anterior 
pair develop in the clypeo-frontal suture (epistomal suture) as indicated on the 
right half of fig. 1. In the Odonata, Ephemeroptera, Megalopteran larvae, 
Dermaptera (Henson, 1950) and some Orthoptera they arise, however, in 
the arched, anterior region of the sub-genal suture as seen on the left half 
of fig. 1. This portion of the sub-genal suture is called the pleurostomal suture - 
by Snodgrass (1935) and the tentorial suture by Ferris (1943). According to 
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On the left, the anterior tentorial pit is drawn emerging from the extension of the pleurostomal 
part of the sub-genal suture ; on the right, the pit originates in the clypeo-frontal suture. 


Snodgrass (1935), the latter mode of origin of the anterior pits is more primitive 
than the former, since it is found in the Chilopoda and Diplopoda. In the 
Pterygota, with the exception of those cited above, the pits have migrated into 
the clypeo-frontal suture during the course of evolution of these insects, and the 
tentorial suture is no longer in evidence. The place of origin of the anterior pits 
in the Psocoptera and Mallophaga has received careful attention in this 
investigation. 

The hollow, anterior invaginations form the anterior tentorial arms as 
backwardly directed apodemes within the head. Each is approximated to the 
anterior articulation of the corresponding mandible which is held by a condyle 
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of the head capsule situated on the sub-genal or clypeal area. The outward, 
visible indications of the pits on the adult head are seen as a pair of round or 
slit-like openings, called the anterior tentorial pits. As they have never been 
known to arise in any but one of the two positions indicated above, they become 
important ‘‘ landmarks ” for the identification of the clypeus, or sub-genal area 
and clypeus together, which must always be anterior to them. Their exact 
location becomes particularly useful in the analysis of insect heads in which 
parts of the clypeo-frontal suture are obscure or modified, as in the Mallophaga. 
To quote Snodgrass (1928), ‘“‘ the fronto-clypeal area is to be identified by the 
origin of the anterior arms of the tentorium from its internal ridge ; the frontal 
region above it is marked by the attachment of the labral rectractor muscles, 
and the clypeal region below is distinguished by the origins of the first anterior 
stomodeal muscles on its inner surface”. These methods of identification are 
employed in the analysis of the Mallophagan head in this paper. 

The posterior pair of invaginations, also hollow, arise in the lateral extremities of 
the post-occipital suture. This is the suture supposedly between the maxillary 
and labial segments, the occiput and post-occiput respectively. The post-occipital 
suture appears to be the most constant suture of the insect cranium, and, as 
Snodgrass states, it is another important “ landmark ”’, because of this and because 
of its constant anatomical relations to other parts of the head. The invaginations in 
this suture are usually visible in the adult insect head as pits, called the posterior 
tentorial pits, and pass forwards, in the form of apodemes, into the head lumen to be 
united to the anterior arms. At this junction, a cross-bar of chitin, the tentorial 
bridge, unites the two pairs of arms, and supports the oesophagus dorsal to it. 

A pair of so-called dorsal arms which arise, not as ectodermal invaginations, but as 
outgrowths from the anterior arms, are sometimes found in insects. They are 
directed upwards to be attached to the epidermis or cuticulum of the head capsule 
near the hind margin of the antennal socket. When present, the dorsal arms 
support all or some of the antennal muscles. As pointed out by Snodgrass (1935), 
the antennal muscles originate primitively on the dorsum of the head and have 
gained access to the tentorium by way of the dorsal arms. Antennal muscles 
sometimes originate on the anterior arms, in which case such forms must have 
been derived from ancestors which lost the dorsal arm in the course of their 
evolution. 

Snodgrass (1935) describes modifications of the form and degree of development of 
the tentorium in a number of different insects. It would seem that any part of the 
internal skeleton may be altered, usually by reduction, though instances are cited 
where this structure has increased in complexity. For example, the bridge may be 
absent, so that only anterior and posterior arms project into the head lumen ;_ the 
arms may be represented by slight protrusions from their pits; or, as in some 
Orthoptera, the bridge may be extended to form a broad plate with lateral pieces 
passing round the oesophagus. 

This account of the tentorium stresses the importance of the tentorial pits as 
‘landmarks ”’ on the insect cranium. The position of muscle origins may sometimes 
be of importance in the determination of head sclerites. 
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V. TenTORIUM OF PSOCOIDEA. 


1. Introductory. 


The only detailed account of the tentorium and associated muscles of the most 
primitive Psocoidean order, the Psocoptera, is that given by Badonnel (1934). 
Weber (1936) and Finlayson (1949) portray the Psocopteran head but do not include 
particulars of the tentorium. Cope (1940 b) illustrates a tentorium without dorsal 
arms. Badonnel (1934) describes a number of species but makes no comments upon 
variations. 

Descriptions of Mallophagan tentoria are more numerous but lack agreement. 
Kéler (1938) goes so far as to state that a tentorium, in the form of a framework 
suspended in the head, is completely absent in all Mallophaga. Rudiments of arms 
(identified as dorsal and posterior) only were found and described as projections 
into the head lumen. From this it was concluded that the body of endoskeletal 
components is closely united to the head capsule*. At that date Kéler must have 
been unaware of the paper by Strindberg (1916) in which a complete tentorium, 
with arms and bridge, was described in the guinea-pig louse, Gliricola porcelli 
(Schrank). Anterior tentorial pits were located on the ventral side of the head near 
the anterior jaw articulations, and, though no figures were appended, this author is 
the only one to make the ventral origin of these pits perfectly clear. More recently, 
Stéwe (1943) has depicted a complete tentorium with delicate bridge in a related 
louse, T’rvmenopon jenningsi Kellogg & Paine (now 7’. hispidum (Burmeister)). 
Cope (1941) failed to find anterior pits and arms in a species of the genus T'etroph- 
thalmus (now Piagetiella) ; posterior pits and arms were found but not the bridge 
connecting them. Cope (1940 a) also examined a species of the Ischnoceran genus 
Harrisoniella. Posterior arms were seen but not the bridge. The anterior arms 
were described as “represented only by short, heavily sclerotised buttress-like 
structures, which strengthen the body wall laterad of the mandibular bases’. This 
suggests reduction of the anterior tentorium and its fusion with the head capsule in a 
manner similar perhaps to that visualized by Kéler for the Trichodectidae. If this 
supposition is true, the condition is different from that found in other insects 
belonging to fairly primitive orders. Thus, together with the other contradictory 
evidence and the fact that a complete tentorium within the head has been described 
in at least two Mallophaga, justifies a wider investigation. 

Anoplura apparently possess no traces of a tentorium in the species examined by 
other workers, if lack of reference to it in the literature (e.g. Florence, 1921) is any 
criterion. Nevertheless, it would be worth re-investigation to include some species 
more primitive than the human and hog louse, which have received most attention. 
In any case, a comparative survey of Mallophagan types might throw light on the 
evolutionary tendencies which have contributed to this loss. 

* In a private communication received on April 5, 1950, Dr. Kéler states that he now recognizes 
a complete corporo-tentorium (bridge) to exist in Amblycerous Mallophaga, but not, presumably, 


the rest of the tentorium. In his study (1938) of T'richodectes (Ischnocera) he found nothing more 
than rudiments of tentorial arms, and at present adheres to his former analysis of them. This is 
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._ discussed on page 422. 
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2. Tentorium of Psocoptera. 


The details of the tentorium of Stenopsocus stigmaticus Imhoff & Labram 
(Badonnel, 1934) agree in most points with those found in the head of Lepinotus 
which was sectioned for this study. Cleared mounts of several other species of 
Psocoptera, including one of the genus Liposcelis, were examined ; the tentorium 
of Psocoptera is sufficiently well sclerotized to show up clearly in such preparations 
(fig. 2). It is evident that no obvious variations occur within common species of 
Psocoptera. Of the two genera mentioned above, the head of the first is a 
hypognathous form (long axis of the head perpendicular), whilst that of the 
second is prognathous (long axis of the head horizontal), so that the form of the 
tentorium is not, apparently, influenced by these differences of head posture. 

The following account (based on examination of sections) of the tentorium and 
associated muscles of Lepinotus is in accord with that of Stenopsocus (Badonnel, 
1934) unless differences are specifically stated. Functional notes mentioned in 
connection with some of the mouth-parts are suggestions of the author. The 
mouth-parts will not receive separate attention elsewhere in this paper, since 
they are essentially similar to those of many Mallophaga, but it is convenient to 
include reference to them here because the distribution of muscles associated 
with them and the tentorium are compared within the groups under consideration. 


The tentorium of Lepinotus. (Figs. 2-5.) 


Figures 3 & 5 show the origin of the anterior tentorial pits in the tentorial 
suture and not the clypeo-frontal as stated by Badonnel (1934) to be the case 
in Stenopsocus. The figure given by this author of this region, however, is 
similar to that depicted in fig. 3, in which a sub-genal area is recognized marked 
off in front of the pits; the latter serves to verify the present identification of 
the origins of the pits. The tentorial and clypeo-frontal sutures are partially 
fused under the sub-genal area, which may account for these differences of 
opinion. According to the present interpretation, therefore, the Psocoptera may 
be added to the list of other primitive pterygote insects that also have anterior 
pits which arise in the tentorial sutures (see p. 357). 

The anterior arms are supporting struts, chitinized and sclerotized throughout, 
which form, with the tentorial bridge, a V-shaped structure within the head 
(figs. 2 & 3). Halfway along the length of each arm some of the antennal 
muscles originate (fig. 3). Just before the anterior arms join the horizontal bridge, 
the origin of the adductor stipital muscles of the reduced maxillae are found. 
There is a small pair of muscles from each mandible to the anterior tentorial arm. 

A delicate, sclerotized, dorsal arm springs from the anterior arm close to the 
origin of the tentorio-mandibular muscle on each side. 

Antennal muscles originate both from the anterior and dorsal arms of the 
tentorium. If it be true that the antennal muscles are found, primitively, on 
the dorsum of the head, and that they migrate, in some cases, to the anterior 
arms by way of the dorsal arms, then this is a case where this transference has 
not been completed. Some Psocoptera have reached the stage when all the 
muscles of the antennae originate on the anterior arms (Badonnel, 1934). 
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Important muscles of the pharynx and oesophagus are supported on the short but 
stout, sclerotized bridge. Attention is drawn to those inserted upon the posterior 
arms of the bowl-shaped chitinous structure, called the sitophore sclerite (Snodgrass, 


1944), which is part of the hypopharynx. Compared with more generalized insectan 


mouth-parts this structure is uniquely developed in Psocoptera and Mallophaga. 
It is figured in the reconstruction of Lepinotus (fig. 3) and in many of those 
of Mallophaga (e.g. figs. 11 & 39). A crest-like chitinous area of the epipharynx 
above the sitophore fits closely in shape and size to the median portion of this bowl 
(“ mortar ” of Weber (1936)). The epipharyngeal part (“‘ pestle ” of Weber (1936)) 
has many cibarial muscles inserted upon it which originate on the clypeal region of 
the head, and serve, in part, to define this area (fig. 5). They enable the crest to 
work up and down when the animal is feeding. 

A group of four muscles arise from each posterior arm of the sitophore. Two of 
these originate on the frontal area of the head (their cut surfaces only are shown in 
the reconstruction, fig. 3). Snodgrass (1944) described a similar pair in the cock- 
roach, Periplaneta americana (Linnaeus), and called them frontal productors of the 
hypopharynx. The third (marked X, in fig. 3) is suspended from the internal ridge 
of the clypeo-frontal suture. Its position suggests that it is homologous to the 
ligament, called the tensory ligament, found by Denis (1928) in Collembola (see 
p. 373). The fourth muscle from each posterior arm of the sitophore to the tentorial 
bridge may be a stator muscle, which allows a certain amount of ‘‘ spring ”’ to the 
sitophore whose true function has not been satisfactorily explained. 

Another pair of tentorio-hypopharyngeal muscles, which originates centrally and 
dorsally on the bridge, inserts at the median, posterior extremity of the sitophore 
(fig. 3). These would also be capable of contributing to the spring or rocking 
motion, however slight, that must be possible to a structure so suspended within 
the head by series of muscles. By this motion, particles of food could be 
tipped back into the oesophagus. The epipharyngeal crest (“‘ pestle’ of Weber 
(1936)) and the sitophore may act as grinding organs (Weber, 1946), functioning 
rather like a pestle and mortar respectively. It should be mentioned, however, that 
many bird and mammal Mallophaga possess structures very similar to these. In 
such Mallophaga they are definitely not grinding organs. In sections of bird 
Mallophaga, and also in cleared mounts, no signs of the effects of trituration of the 
gut contents (chiefly feathers) are discernible. Fig. 11 of Colpocephalum shows 
how accurately the epipharyngeal crest could fit into the groove in the floor of the 
sitophore shaped to receive it when the cibarial muscles are relaxed. Two other 
functions are here given tentatively. By the up-and-down motion of the epipharyn- 
geal crest, saliva, after its passage over the anterior area of the hairy hypopharynx, 
could be sucked up, either prior to, or following upon, the intake of food, so long as 
the more anterior and lateral parts of the trophi fitted together to form a closed oral 
space. ‘This may be the method by which blood or other fluids of the host are 
delivered into the gut of certain bird Mallophaga that participate in such fluid 
diets when an opportunity arises (wounds). In the second place, the crest may 
help to “ shuffle ” the feathers or hairs down the oesophagus. It has an anterior 
downward projection that might aid such a movement. 

Another peculiarity of the hypopharynx of the Psocoptera and Mallophaga, 
which it is convenient to mention here, is the enlarged development of the lingual 
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sclerites. They appear in cleared mounts as oval pieces of chitin from which 
runs a chitinous fibre that bifurcates before it proceeds towards the median ridge 
of the sitophore. Muscles associated with these lingual sclerites are discussed at 
the end of this section. These lingual or oval sclerites have had several functions 
attributed to them. Badonnel (1934) and Weber (1938) agree that they are surface 
sclerotizations and not glands or salivary reservoirs. Examination of sections for 
the present work confirms this in the case of Lepinotus and Mallophaga with 
generalized mouth-parts. 

A pair of mandibulo-hypopharyngeal muscles is not present in Psocoptera, as 
is found in cockroaches (Snodgrass, 1944 ; muscle 29), but, instead, the homologous 
muscles merely pass across the lumen of the jaw. In fig. 3 one pair is drawn 
in part, on the left mandible. 

On the ventral surface of the bridge, close to the posterior tentorial pits, there 
are pairs of labial muscle origins, one pair on each side. The muscles are 
retractors of the mentum. 

On the postero-lateral face of the bridge, on either side, strong muscles are 
attached which pass back through the neck region of the insect to be inserted on 
the ventral prothoracic apophyses. 

Not all the ligamentous connections from the tentorium to various parts of the 
pharynx described in Stenopsocus (Badonnel, 1934) have been observed in 
Lepinotus. The median pair of tentorio-sitophore muscles of Lepinotus is, 
however, equivalent to similar ones noted by Badonnel in Nymphopsocus destructor 
Enderlein. This author thought them to be homologous with the tentorio- 
hypopharyngeal ligament in Stenopsocus. However, in the species of Lepinotus 
here examined a ligament was also found between these muscles suspended as a 
delicate membrane from the posterior and median extremity of the sitophore to 
the central part of the bridge (fig. 3). It would appear to be homologous with the 
tentorio-hypopharyngeal ligament in Stenopsocus, so that Badonnel may have 
missed it in the other species he examined. 

The tentorio-oral ligament present in Stenopsocus attached to the posterior 
arm of the sitophore, one on either side, to the anterior tentorial arm could not be 
found in Lepinotus, though it was detected in all Mallophaga, and is discussed in 
the section dealing with the tentorium of Ancistrona, p. 372. 

A fine nerve from the internal ridge of the clypeo-frontal suture, near the origin 
of the anterior tentorial pit appeared, at first sight, to represent the tentorio-oral 
ligament, but as it passed back into the anterior region of the supra-oesophageal 
ganglion and because of its position on the clypeal ridge, it must be the clypeal 
nerve. This is a nerve branch of the labro-frontal; the branch passes to the 
hypodermis of the internal border of the anterior tentorium in Stenopsocus as 
described by Badonnel (1934). Indentification of this nerve was considered 
important as, if it were found in Mallophaga also, it might serve as a guide to a 
position on the clypeo-frontal suture of the head, since it is this suture that it 
innervates in Psocoptera (fig. 4). . 

Mention should be made of other muscles usually associated with the insectan 
tentorium. A muscle from each lingual sclerite of the hypopharynx usually takes 
origin on the ventral part of the tentorial bridge (Snodgrass, 1944 ; Weber, 1949). 
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In Psocoptera, Badonnel (1934) found that they originated near or on the post- 
occipital suture. The same is true of Lepinotus. The apodemes associated with 
the sclerites pass under the bridge. The muscles are the hypopharyngeal 
retractors. 

Normally in insects the retractor muscles of the lacinia (of the maxilla) originate 
on the tentorial bridge. In Psocoptera, which have reduced maxillae, they pass 
back through the head beneath the tentorial bridge, to originate on the ventral side 
of the head capsule. In fig. 3 of Lepinotus the cut ends of the lacinia and its 
muscles are shown. 

It is convenient to defer description of the ligaments associated with the 
Psocopteran tentorium to the section dealing with the Amblyceran genus, 
Ancistrona (p. 372). 


3. Tentorium of Amblycera. 
i. List of types. 
The tentorial types found in the Amblycera examined are included in four 
groups : 


Group I. Generalized form ; very similar to that found in Psocoptera : 
Colpocephalum 
Menopon 
Menacanthus 
“- Myrsidea 
Ancistrona 
Group II. Slightly modified form ; tendency for reduction, by lack of sclerotization, of the 
anterior arms and bridge, especially in the second genus : 
T'rinoton (two species) 
Piagetiella (T'etrophthalmus) 
Group III. Very modified form ; tentorial bridge almost absent, merely a delicate ligament ; 
arms well developed and sclerotized. 


(a) With posterior pits close to the occipital foramen in the post-occipital suture, 
and gular area small : 
Laemobothrion (two species) 
Ricinus 
(6) With posterior pits forward, away from occipital foramen, and gular area 
large : 


Gyropus 
Gliricola 
Trimenopon 


Group IV. Extremely modified form ; the bridge, a membranous ligament ; anterior arms are 
sclerotized only in the posterior parts which support the antennal muscle origins, 
' the rest ligamentous : 


Heterodoxus 
Boopia (two species) 
The tentorium of this group tends to be like forms found in Ischnocera. 

All the species mentioned in the list of tentorial types have been examined in 
cleared whole mounts, and, with the exception of T'rimenopon, by sections. Two 
genera only have been selected in Group I for descriptive purposes, as the other 
three examined are similar. One species only of each genus in the other groups is 
described briefly to point out salient differences and modifications from the more 
generalized types in Group I. Where two species of a genus were available no 
differences between them were detected. 
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i. Group I. 
A. The tentorium of Colpocephalum subaequale Burmeister. (Figs. 6—11.) 


The tentorium of this louse is of robust construction (fig. 6), similar to others 
of Group I. It is sclerotized throughout ; there are tubular anterior arms which 
arch one on either side of the pharynx ; dorsal arms are completely absent (figs. 
9 & 10). The bridge stretches as a broad, flat beam beneath the oesophagus 
(fig. 10). The sub-oesophageal ganglion below it is included in fig. 11 and may be 
seen in some of the other reconstructed heads of Amblycera. The bridge is wider 
than that of Lepinotus, measured from each posterior pit, and is U-shaped rather 
than V-shaped. 
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Colpocephalum subaequale Burmeister. Ventral view of head as seen in a 
cleared whole mount ; the left maxillary palp is omitted. 


The anterior tentorial pits are the only parts of the tentorium difficult to find 
in cleared whole mounts because of heavy sclerotization in the area from which 
they emerge; however, careful examination of serial sections of this louse and many 
other Mallophagan heads leaves no doubt that they arise in the tentorial or 
pleurostomal suture situated on the ventral side of the head. ‘This origin in the 
tentorial suture, the same as that in Psocoptera, is less easily seen in Colpocephalum 
than many other Amblycera examined, as each pit is close to the point of fusion 
of the tentorial and clypeo-frontal sutures. 

Thickening and sclerotization of these sutures and the sub-gena between them 
obscures the latter when viewed in cleared mounts. The sub-genal areas are more 
obvious in other Mallophaga such as Ancistrona (fig. 12), where they appear as 
pale, triangular areas on to which the anterior articulations of the mandibles fit. 
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The node-like thickenings at the margin of the head, level with the mandibles, 
are commonly found in the Mallophaga and, as in Colpocephalum (fig. 6; clypeo- 
frontal suture), seem to be internal, chitinous projections into the lumen of the 
head if examined in cleared whole mounts. They are not the anterior tentorial 
arms ; as stated, these have been identified as invaginations from the ventrally 
situated anterior pits some distance away from the margin of the head (fig. 6). 
When the generalized Mallophagan head is dealt with, the clypeo-frontal nature 
of this nodal thickening, and the shift of the sub-genal area on to the ventral side 
of the head, will be explained (p. 412). In fig. 6 of the whole head of Colpocephalum 
the left maxillary palp has been omitted to exhibit these parts of the head and the 
positions of the anterior tentorial pits which were determined by reference to the 
sections. 
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Colpocephalum subaequale Burmeister. Dorsal view of head to show clypeus and origin of epi- 
pharyngeal (cibarial) muscles. Probable posterior boundary of clypeus in indicated on the 
right side of diagram only. 


Examination of serial sections (fig. 8) revealed the clypeo-frontal node, traceable 
from the edge of the head, as a solid column of chitin. Just prior to sections 
containing the anterior pits the column divides into two sutures, each of which 
appears as an internal ridge, one on the ventral and the other on the dorsal inner 
surfaces of the head. The ventral ridge broadens inwards before it proceeds farther 
backwards, and this broad part and the sub-gena together form the condylar 
swelling for the anterior articulation of the mandible. This part of the ventral 
ridge is the extremity of the clypeo-frontal suture and forms the posterior boundary 
of the sub-gena. In the region of the pits, the ventral ridge becomes the tentorial 
or pleurostomal part of the sub-genal suture, and can be followed in more posterior 
sections to the posterior articulation of the mandible. After the ventral portion 
breaks away, the dorsal part passes for a short distance along the head and, in 


subsequent sections, can no longer be identified. These facts are illustrated in 
302 
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Colpocephalum subaequale Burmeister. Transverse serial sections of head cut 
in the region of the anterior tentorial pits. 
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figs. 8 & 46. The internal appearance of the nodal part of the clypeo-frontal 
suture is shown in the reconstruction of the head (figs. 9 & 10). 

Identification of all these sutures just discussed conforms with conditions found 
in the generalized insect head, as wil] be explained further on pages 409-416. 

All the antennal muscles originate on the anterior tentorial arms ; dorsal arms 
would be redundant now that migration of these muscles to the anterior arms has 
taken place (fig. 10), possibly following a sequence of events postulated by Snodgrass 
(1935), t.e. via dorsal arms. The latter are present in the closely related Psocoptera, 
and presumably ancestral Mallophaga also retained them. 

An adductor stipital muscle (fig. 9) originates from a broad base on each anterior 
arm, but not so close to the bridge as in Lepinotus. 
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Colpocephalum subaequale Burmeister. Reconstruction from longitudinal sections of the 
side of head viewed from the inner aspect. 


A pair of small mandibulo-tentorial muscles similar to those found in the 
Psocoptera take origin on the anterior arm close to the antennal muscle origins. 
They can have little functional value. (They have not been included in the figures.) 

The posterior tentorial pits in Colpocephalum, and most Amblycera, are wide, 
oval openings, large compared with those of the Ischnocera. They arise about 
half-way along thick, chitinous bars, or internal ridges, which run on the ventral 
side of the head capsule from the lateral margins of the occipital foramen to the 
posterior jaw articulations (figs. 6 & 9). The portions of these ridges posterior 
to the pits must be, in part at least, the post-occipital sutures, since these pits 
invariably form in these particular sutures of the insectan head. The exact nature 
of the anterior parts will be analysed when the generalized Mallophagan head is 
contructed (pp. 411 & 412). 

The posterior arms of Oolpocephalum are broad, short, sclerotized invaginations 
which run horizontally towards the bridge. 
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Fig. 10. 
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Colpocephalum subaequale Burmeister. Reconstruction from longitudinal sections of 
part of head viewed from a dorso-lateral aspect. 
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Colpocephalum subaequale Burmeister. Reconstruction from median longitudinal 
sections of head. 
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Just where each anterior arm meets the corresponding posterior arm in a back- 
wardly directed curve, a strong ventral prothoracic muscle originates. The junction 
of the arms is thickened to accommodate this large muscle. 

Premental retractor muscles of the labium, as in Lepinotus, originate on the 
ventral surface of the tentorial bridge close to the posterior pits. 

Two pairs of tentorio-hypopharyngeal muscles of considerable size are inserted 
on the sitophore. Muscles, one from each posterior arm, represent one pair, whilst 
the other pair joins on to its posterior median side by a short chitinized and forked 
apodeme. These muscles, together with a pair from the oesophagus, originate 
on the bridge as indicated in fig. 10, and are comparable to similar sets found in 
Lepinotus (fig. 3). One of the median pairs of tentorio-sitophore muscles is included 
in the median section of Colpocephalum (fig. 11). 

The only essential differences in form of the tentorium and its associated 
muscles between that of Colpocephalum and Lepinotus are the following. In the 
former 


(a) there are no dorsal arms and all the antennal muscles originate on the anterior arms ; 


(6) the anterior tentorial pits are ventrally situated on the head (but are nevertheless found 
in the sub-genal suture, as in Lepinotus) ; and 


(c) the posterior tentorial pits are not close to the occipital foramen. 


It is important to mention the existence, in Colpocephalum, of a mandibulo- 
hypopharyngeal muscle (fig. 10), the homologue of which traverses the lumen of the 
mandible in the Psocoptera, because the distribution of this muscle in Psocoidea 
will be considered from the aspect of Mallophagan phyletics (p. 430). 

As in Lepinotus the hypopharyngeal productor from the lingual sclerite originates 
on the back of the head just within the post-occipital suture. 

The retractor of the lacinia, which is reduced to a long thin muscle, passes 
beneath the bridge to originate on the ventral side of the head capsuie. Its cut 
surface is shown in fig. 10 where the lacinia can be seen as a narrow, chitinous 
rod very like that of Psocoptera. (A small portion of a gland found in all 
Mallophaga except Rhyncophthirina, hitherto undescribed, connects to the lacinia, 
and is also seen in this illustration. The gland is described on p. 408.) 

Ligamentous connections within the head, similar to ones described in Lepinotus, 
were not clearly seen in the small head of Colpocephalum, but were very evident in 
larger forms such as Ancistrona. Consideration is given to them, therefore, in 
the following account of the tentorium of this louse. 


B. The tentorium of Ancistrona vagelli (Fabricius). (Figs. 12 & 13.) 


A detailed account of the tentorium of this louse is not necessary because of its 
similarity to that of Colpocephalum and other Amblycera of Group I, as fig. 12 
serves to indicate. 

Ligamentous connections, however, alike in all Amblycera, are to be described 
in this louse in which they were so clearly differentiated in the sections. For their 
determination, reference was made to ligaments described by Badonnel (1934) 
in Psocoptera. They were examined in Lepinotus for verification and under- 
standing, and are compared with findings in Ancistrona. 
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C. Ligaments of the tentorium. 
(a) Tentorio-oral ligaments. 


A pair of tentorio-oral ligaments composed of chitin was found by Badonnel 
(1934) in Stenopsocus (Psocoptera). Each ligament was described as depending 
from the anterior part of the corresponding anterior tentorial arm to the anterior 
lateral angle of the mouth. Badonnel was not able to find their equivalent in 
any other Pterygota, but homologized them with the chitinous tensory ligament 
found by Denis (1928) in the apterygote Collembola. In this group of insects 
the ligament, as described by Denis (1928), is attached on to the head wall just in 
front of the antennal socket and not on the anterior tentorial arm. Badonnel 


Fig. 12. 


Anterior tentorial pit maxillary palp teal galea pit 


Anterior tentorial arm 


anterior mandibular articulation 


Posterior tentorial pit 


Bridge of tentorium wae \ 


clypeo-frontal suture 
sub-genal area 

tentorial suture 
Sub-genal suture or ridge 


lacinia 


itophore 


= aS Bose Sas SE Nase is 
SRE seen Se 
post-occipital suture 


apodeme of lingual sclerite 


gula 


Ancistrona vagelli (Fabricius). Ventral view of head as seen in a cleared whole mount. 


(1934) thought that its change in position in the Psocoptera could be explained 
on the assumption that migration of the anterior tentorial pit from the sub-genal 
suture to the clypeo-frontal had occurred, as in higher Pterygota (see p. 357). 
The result of such a migration would bring the anterior arms nearer the origins 
of the ligament. 

A ligament in exactly the same position as in Psocoptera was seen in 
Ancistrona and all other Amblycera and Ischnocera. It is referred to as the 
tentorio-oral ligament in recognition of this similarity. Psocoptera are not, 
therefore, unique in possession of such a ligament. 

This tentorio-oral ligament of Mallophaga is not, however, here considered to 
be homologous with the tensory ligament in the Collembola for two reasons, namely, 
the presence of a second ligamentous structure, about to be described, the position 


———— 


eS. 


OO = —< = 


COMPARATIVE ANATOMY OF THE MALLOPHAGAN HEAD ori 


of which is more precisely like that of Denis’ ligament, and the fact that the anterior 
tentorial pits have not migrated from the sub-genal suture (p. 357) to the clypeo- 
frontal in Mallophaga. 


Fig. 13. 
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Ancistrona vagelli (Fabricius). A, reconstruction from transverse sections of head to show the mem- 
branous ligaments associated with the anterior tentorial arms; left half of diagram more 
anterior than right half. B, transverse section of head through the posterior pits. 


(b) Ligament of Denis. 


This second ligament (in Amblycera only) consists of a chitinous knob produced 
from a small pad of epidermal cells anterior to the antennal socket and just 
posterior to the limit of the dorsal, internal ridge of the nodal part of the 
clypeo-frontal suture (fig. 13 A, and Heterodoxus, fig. 29). Attached to this knob 
there is a fine muscle, almost like a ligament except that it is striated, which inserts 
on the mouth angle (posterior arm of the sitophore) slightly behind the attachment 
of the tentorio-oral ligament to the mouth angle. The arrangement in the head of 
this knob-like chitinous ligament and the associated muscle is exactly similar to 
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that of Denis’ ligament in the Collembola. Which of the two conditions, liga- 
mentous or muscular, is the most primitive is difficult to say. A similar muscle 
is recorded in Lepinotus originating on the posterior lateral edge of the internal 
ridge of the clypeo-frontal suture (marked X in fig. 3). This muscle may have 
,been present in ancestors common to apterygote and primitive pterygote 
insects but was reduced to a ligament independently in Collembola, whilst it was 
retained in Psocoptera and Amblycera. Denis (1928), however, believed the 
ligament represented a segmental limit between mandibular and _ tritocerebral 
segments of the head, in which case, if the muscle in Amblycera be homologous 
to it, the latter must surely be a later development. 

Whichever, if either, of these theories is true, the identification of the muscle in 
question as equivalent to Denis’ ligament is validated by the recognition of the 
origin of the anterior tentorial pits in the sub-genalsuture. If the pits had originated 
in the clypeo-frontal suture the ligament would be attached to the anterior tentorial 
arm as Badonnel (1934) suggested in Psocoptera. 


(c) Clypeal ligament. 

During the examination of serial sections of Ancistrona and other Amblycera 
another membranous ligament, one on each side of the head, was observed which 
was not found in Psocoptera. Each hangs from the dorsum of the head by a 
pad of enlarged epidermal cells. Each pad is situated just posterior to the hind 
dorsal limit of the clypeo-frontal node. Soon after the anterior tentorial arm 
emerges from its suture the ligament becomes attached to it and then passes 
vertically downwards to join the chitinous bar of the head capsule upon which 
the posterior articulation of the mandible is formed. It is proposed to call this 
ligament, which is more membranous in Amblycera than Ischnocera (p. 390), 
the clypeal ligament, and it is illustrated in fig. 13 A of Ancistrona and fig. 15 
of Trinoton. The clypeal nature of this ligament was deduced by the discovery 
of a small nerve which passes from it to the ganglionic mass which represents 
the united bases of the labro-frontal and mandibular nerves. The nerve 
answers to the description of the clypeal nerve in Psocoptera (Badonnel, 1934) 
‘which is drawn in fig. 4 of Lepinotus and described on p. 364. It has not been 
figured in any of the Amblycera but fig. 34 shows its situation in the Ischno- 
ceran Philopterus, where it is added in broken line. The homologous nerve in 
Psocoptera innervates the epidermal tissue on the lateral edge of the internal ridge 
of the clypeo-frontal suture (fig. 4). The ligament in Amblycera and Ischnocera 
may thus be of clypeal origin and represents the limit of, or at least some point on, 
the clypeo-frontal suture ; in either case it is an important “ landmark ” to the 
posterior limit of the clypeus and, therefore, especially useful for identification of 
the latter in Mallophagan heads in which this suture is partly obscure. A descrip- 
tion of the ligament as it occurs in Ischnocera is given on pp. 390 & 393. 
In the sections of Amblycera, stained by the Azan method, it shows up as a blue 
structure rather like the intersegmental, chitinous parts of the body, or like the 
unsclerotized endocuticle. The tentorio-oral ligament joins the anterior tentorial 
arm practically in the same position as the clypeal ligament (see fig. 29 of 
Heterodoxus and fig. 13 A of Ancistrona). In the same figures the “ ligament ”’ 
of Denis is seen passing across the head posterior to the clypeal ligament. 
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(d) Ligament of the corpus cardiacum. 

Fig. 17 (reconstruction from longitudinal sections of Colpocephalum) shows 
yet another membrane associated with the tentorium of Amblycera and Ischnocera, 
which passes from the bridge to the glandular corpus cardiacum. There is 
one on each side, and the corpora cardiaca are each connected to the ventral surface 
of the supra-oesophageal ganglion by connective tissue. In those Amblycera 
such as Group III (p. 378), in which the bridge is reduced to a fine ligament, this 
membrane is still found. Although the bridge cannot support muscles in these 
forms because of its reduction in size it could, however, still help to suspend the 
corpora cardiaca in place in the lumen of the head. This is probably partly why 
the bridge is not completely lost in these forms. 


(e) Tentorio-hypopharyngeal ligament. 

The tentorio-hypopharyngeal ligament from the posterior median region of the 
sitophore to the median region of the bridge, described in Psocoptera (p. 364), 
is universally present in Amblycera and Ischnocera and may be seen in fig. 29 
of Heterodoxus, fig. 35 of Philopterus and fig. 39 of Trichodectes. 

Since these five groups of ligaments are present in all Amblycera examined and 
all, apart from the ligament of Denis, in Ischnocera, they are not again described ; 
the clypeal ligament proves of value in the interpretation of the tentorium and 
clypeo-frontal suture. 


ili. Group II. 
D. The tentorium of T'rinoton femoratum Piaget. (Figs. 14 & 15.) 

The general form of the tentorium (fig. 14) is similar to that of Colpocephalum 
except that the anterior arms and the bridge are less heavily sclerotized, which is 
difficult to illustrate, but, in fig. 15, it will be seen that the origins of the muscles of 
the pharynx and oesophagus associated with the bridge are concentrated towards 
the posterior arms and some have migrated on to the head capsule just anterior to 
the posterior pits where they will receive more adequate support. The anterior 
arms, though not heavily sclerotized, are sufficiently strong to carry the origins of 
the adductor stipitals. All muscles identified in Colpocephalum were found in this 
louse and need no further comment. 


E. The tentorium of Pragetiella (T'etrophthalmus) sp. (Figs. 16 & 17.) 


Specimens of this louse, presented by Miss Clay, are believed to be the same species 
as examined by Cope (1941). 

Contrary to the findings of this author, fig. 17 of a transverse section shows the 
presence of a tentorial bridge, which is difficult to see in cleared whole mounts as it 
is not sclerotized (fig. 16). This would also account for the fact that it was not 
discernible in the dissections made by Cope (1941). It is much narrower than 
the bridge of T'rinoton. 

Examinations of sections Heese revealed the anterior arms which proceed from 
pits in exactly the same manner as in T’rinoton and other Amblycera. The pits are, 
however, minute, and the broad, anterior sclerotized part of the arms somewhat 
enclosed by the thickened pleurostomal suture which is displaced outwards and 
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Trinoton femoratum Piaget. Ventral view of head as seen in a cleared whole mount ; left maxillary 
palp omitted ; anterior tentorial pits and part of anterior arms reconstructed from sections. 


Fig. 15. 
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Fig. 16. 
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Piagetiella sp. Ventral view of head as seen in a cleared whole mount ; right maxillary palp 
: omitted; anterior tentorial pits and arms reconstructed from sections. 


Fig. 17. 
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Piagetiella sp. Transverse section of head to show the tentorial bridge ; inset, portion 
of a median longitudinal section. 


heavily chitinized on the ventral surface below the arms. The posterior parts of the 
arms are therefore almost covered when viewed in whole mounts. The sub-genal 
area and tentorial suture are close to the lateral head margin (fig. 16). These facts 
would make the arms difficult to identify in dissections. The rest of the anterior 
arms would also be difficult to see in such preparations as they are apparently 
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unsclerotized and delicate. The material available for sectioning was, unfortun- 
ately, in poor condition. The sclerotized part of the anterior arm was the only 
portion of it detected clearly. However, experience gained from the examination 
of other Amblycera, all of which possess a complete anterior arm, suggests that the 
rest of the arm would be seen in sections of well-fixed material. However, the 
posterior portion of each arm cannot be sclerotized or it would have been preserved 
even in alcohol. The parts not actually detected are drawn in broken line in 
fig. 16. The adductor stipital muscles were seen, in sections and cleared mounts, 
originating on ligamentous tissue presumed to be remains of the posterior part 
of the arms, which helped to map out the direction of the arms since these muscles 
originate on them in other Amblycera. 


iv. Group III. 


F. The tentorium of Laemobothrion percnopteri (Gervais). (Figs. 18 & 19.) 


The tentorium of this species is modified by considerable reduction in size and 
sclerotization of the bridge which, like that in Gyropus and Gliricola, is a fine 
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Laemobothrion percnopteri (Gervais). Ventral view of head as seen in a cleared whole mount ; 
right maxillary palp omitted. 


ligament barely discernible in cleared mounts (fig. 18). It lies in a straight line 
across the head, and was included entire in the cross-section (7 4) from which 
fig. 19 was made. 
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The anterior tentorial pits (fig. 18) arise ventrally near the margin of the head in 
broad sutures, as in Gyropus and Gliricola. 

The anterior tentorial arms are sclerotized throughout but are tubes of almost 
equal width along their whole length like those of Colpocephalum (figs. 6 & 10), only 
slightly broadened anteriorly. 

The position of the posterior tentorial pits is nearer to the occipital foramen than 
in any other Amblyceran head examined except Ricinus, so that the gular area is 
comparatively restricted in size. Concomitant with this, the posterior arms are 
short (though sclerotized) and the anterior arms elongated. 


Fig. 19. 
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Laemobothrion percnoptert (Gervais). Part of a transverse section (slightly oblique) to 
show a portion of the ligamentous tentorial bridge. 


The muscles are similar to those found in other Amblycera, except that there 
are no ventral prothoracic muscles, and no trace of their apodemes from the bridge 
could be found in the sections. Ricinus (species from Hmberiza citrinella Linnaeus) 
has a tentorial form like that of Laemobothrion but the ventral prothoracic muscles 
and apodemes are present. 


G. The tentorium of Gyropus ovalis Burmeister and Gliricola porcelli (Schrank). 
(Figs. 20-25.) 

Sections of the heads of Gyropus and Gliricola disclose the ventral origination of 

the anterior tentorial pits near to the margin of the head and the antennal socket 
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(fig. 21). They are buried deep into the thickened and heavily sclerotized tentorial 
suture (figs. 23 A & 24). The sub-genal area is not easily defined in cleared whole 
mounts (figs. 20 & 25) because it is more marginally placed on the head than in most 
other Amblycera examined, and its boundary sutures are broad sclerotizations. 

The foremost part of the anterior arms are wide apodemes flattened from side to 
side (fig. 24). The posterior portions are much narrower and tubular, but also 
sclerotized (compare T'rimenopon, p. 382). They arch backwards prior to joining 
the posterior tentorial arms. 
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Gyropus ovalis Burmeister. Ventral view of head as seen in a cleared whole mount ; left maxillary 
palp and labium are omitted ; anterior tentorial pits and bridge reconstructed from sections. 


The posterior pits in Gyropus, Gliricola and Trimenopon lie comparatively near 
the posterior articulations of the mandibles, or, in other words, well away from the 
occipital foramen, so that an extensive gular area is present in all these species, and 
the apodemes of the ventral prothoracic muscles are long to correspond (figs. 20, 23, 
24 & 25). 

The tentorial bridge of Gyropus and Gliricola (figs. 21 & 25) is reduced to such an 
extent that it may easily be overlooked in cleared mounts in which a transverse 
tracheal tube can be mistaken for it. This tracheal tube, present in all the Mallo- 
phaga, stretches across the head just behind the parallel sub-oesophageal connective 
that connects the two circum-oesophageal commissures from the supra- to the 
sub-oesophageal ganglia. The trachea is drawn in the transverse section of 
Ancistrona (fig. 13 B) and Piagetiella (fig. 17), where it is labelled “T”. Even in 
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sections, the bridge was difficult to locate and was missed in those from which 
figs. 21 & 22 were made, because the particular specimen was cut just before the 
nymph was about to pass through a moult. The bridge had, therefore, probably 
been dissolved by the moulting fluids. The bridge was found in adult specimens 
when thin sections (5) were examined. Fig. 23 D of a median longitudinal 
section records the presence of the bridge which lies behind and slightly dorsal to 
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Gyropus ovalis Burmeister. Transverse sections, showing origin of anterior tentorial pits and arms 
(sections are slightly oblique and were made from an insect about to moult, which accounts 
for the double cuticle). 


the sub-oesophageal connective and the transverse tracheal tube. In a diagram of 
a longitudinal section in the paper by Strindberg (1916) a structure is identified 
as the bridge which is more likely to be the sub-oesophageal connective as it is too 
large in proportion to the rest of the head to be the bridge, though this author was 
cognisant of the occurrence of a bridge in the head of Gliricola. 

The muscular arrangements of the tentorium and mouth-parts in these two lice 
do not appear to differ from those in other species already described (fig. 24). 
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Fig. 22. 
posterior arm of sitophore 


Anterior tentorial arm 


posterior part 
of tentorium__ 


posterior tentorial pit subcesophageal commissure 


suboesophageal ganglion 


tentorio hypopharyngeal muscle 


tentorio-oesophageal musclas | 


mandibular adductor 


posterior tentorial arm supraoesophageal ganglion 


Me a a et! 
@) -O5 mm. 


Gyropus ovalis Burmeister. ‘Transverse sections, showing origin of the 
posterior tentorial pits and arms (sections slightly oblique). 


H. The tentorium of T'rimenopon jenningsi Kellogg & Paine. (Fig. 26.) 


The general plan of the tentorium drawn from a cleared whole mount (fig. 26) is in 
agreement with figures in the paper by Stéwe (1943). Anterior arms are thick and 
broad anteriorly but taper towards the wide and long posterior arms as they curve 
down and inwards to join the latter. Stoéwe’s description (Stéwe, 1943) indicates 
that these posterior regions of the anterior arms are ligamentous. The bridge of the 
tentorium is merely a fine ligament stretched across the head. Figures are given in 
her paper which show the anterior tentorial pits to originate near the margin of the 
head on the dorsal side. This particular alone does not agree with the present 
findings ; in all Amblycera examined the pits are invariably ventral in origin, though 
they may be close to the margin of the head. Stéwe examined sections, but cleared, 
whole mounts only were available to the writer. Inspection of these, in comparison 
with other Amblycera, has enabled a sub-genal area to be identified. Since the 
pits originate in the sub-genal suture in all Amblycera sectioned for this study, 
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Gyropus ovalis Burmeister. A-C, longitudinal sections to show the origin of the anterior tentorial 
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Fig. 24. 
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a lateral aspect ; the stippled area on the right anterior tentorial arm indicates position of 
antennal muscle origins. 
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Gliricola porcelli (Schrank). Ventral view of head as seen in a cleared whole mount; left 
maxillary palp omitted: tentorial bridge reconstructed from sections. 
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a ventral origin for the pits in T'rimenopon is more probable than a dorsal. It is 
possible that St6we mistook the marginal depression of the clypeo-frontal node for 
the pit and the node itself for part of the anterior region of the arms, as the figures 
accompanying her account seem to indicate. 

The muscles, mentioned by Stéwe, that attach to the tentorium are some of 
those already described in other Amblycera and warrant no comment. 

The apodeme of the ventral prothoracic muscle is distinctly seen in the cleared 
whole mounts. 


Fig. 26. 
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Trimenopon jenningsi Kellogg & Paine. Ventral view of head as seen in a 
cleared whole mount; right maxillary palp omitted. 


The posterior pits are well forward on the head, some distance away from the 
occipital foramen, so that a broad gular area forms most of the ventral, median 
surface of the head. | 

If sections had been available for study it would have been possible to determine 
at what point on the anterior arms the clypeal ligament attached itself. It may be 
that the part of the arm posterior to this union is the unsclerotized portion. If so 
the tentorium of T’rimenopon is almost indistinguishable from that of Heterodoxus 
about to be described, an interesting fact from the point of view of the relationships 
of the two families to which they belong. 


v. Group IV. 
I. The tentorium of Heterodoxus spiniger (Enderlein). (Figs. 27-29.) 

The tentorium of this louse is of special interest because its form approaches more 
closely to the conditions found in the Ischnocera than any other Amblyceran 
examined except Boopia spinosa, another genus in the same family (Boopidae), and 
perhaps 7'rimenopon (Trimenoponidae). 
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Fig. 27. 
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Heterodoxus spiniger (Enderlein). Ventral view of head as seen in a cleared whole mount ; 


maxillary palps and labium omitted ; tentorium reconstructed from sections. 


Fig. 28. 
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Heterodoxus spiniger (Enderlein). Reconstruction from transverse sections of part of head, viewed 


from the anterior aspect ; the cut surface on the right of diagram is in a more anterior plane 
than that on the left. sit., sitophore. 
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The anterior tentorial arms arise from pits placed ventrally in the tentorial sutures 
near their fusion with the clypeo-frontal sutures, as in other Amblycera (figs. 27 & 
28). 
Kach anterior arm is sclerotized onlyin that portion which is anterior to the union 
of the clypeal ligament with it (fig. 29). Reconstructions of the head to include the 
tentorium brought to notice a small laterally flattened and sclerotized enlargement 
from the anterior arm, not found in other Amblycera unless the large broadened 
area in Gyropus (fig. 24) and Gliricola is equivalent. This expansion supports the 
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clypeal ligament and upon it arise the tentorio-oral ligament and the origins of all 
the antennal muscles (figs. 27, 28 & 29 ; indicated by X). Behind this the anterior 
tentorial arm becomes ligamentous in nature and proceeds down the head as a rod, 
after looping over the mandibular adductor apodeme, and is only traceable in 
Azan-stained sections, or with difficulty in cleared mounts. 

The flattened enlargement from the anterior arms at the proximal extremity of 
the clypeal ligament just described could be interpreted as a rudiment of a true 
dorsal arm of the tentorium but for the following facts : 


(a) the tentorio-oral ligament is attached to it, 
(b) the clypeal ligament is united to it, 
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(c) the muscle equivalent to the ligament of Denis crosses the head posterior 
to the clypeal ligament in Amblycera (figs. 13 A & 29) but the muscle homologous 
to it in the Psocopteran species Lepinotus (fig. 3 X) is anterior to a true dorsal arm 
which attaches to the dorsum of the head posterior to the clypeo-frontal suture, 
and 


(d) a dorsal arm is absent in all other Mallophaga examined. 


This enlargement from the anterior arms appears then to be the sclerotized base 
of the clypeal ligament in conjunction perhaps with a projection of the anterior arm 
where are found the origins of the antennal muscles. 

The wide posterior pits are in an advanced position on the head (fig. 27) which, 
therefore, has an extensive gular area. The pits connect to long, sclerotized posterior 
arms which are directed forwards to connect to the ligamentous portions of the 
anterior arms where the delicate and non-sclerotized bridge stretches across the head 
in a shallow curve between them. 

The tentorium of Heterodoxus, therefore, is modified by non-sclerotization of the 
posterior part of the anterior arms as in J’rinoton, Pragetiella, Gyropus and possibly 
Trimenopon, and by reduction of the bridge to a ligament as in Gyropus, Gliricola, 
Laemobothrion and Trimenopon. 

The muscles associated with the tentorium and the mouth-parts are similar to 
those in other Amblycera except that no labral muscles on to the bridge were found 
and the origins of the adductor stipitals are upon the posterior arms (fig. 29). 


J. The tentorium of Boopia spinosa Harrison & Johnston. 

Fixation of available specimens of this louse was not good enough to Wate sections 
suitable for reconstructions, but they revealed the presence of a delicate ligamentous 
bridge and anterior tentorial arms that are sclerotized for a short distance only 
from their originations. 


4. Tentorium of Ischnocera. 


Examination of sections of many heads of Ischnocera to include forms from the 
families Philopteridae, Goniodidae and Trichodectidae did not disclose a variety of 
tentorial forms capable of classification as was the case with Amblycera. On the 
contrary, these three families proved to be so similar that it is not necessary to 
describe more than one of them in detail. The head of Philopterus atratus Nitzsch 
was chosen for the reasons that specimens were well fixed and available in large 
numbers. However, brief accounts of the Goniodid and Trichodectid tentorium are 
also given because muscle arrangements were found in the latter which differed 
- from those in the Goniodidae and Philopteridae. Moreover, analysis of Ischnoceran 
heads could hardly be considered complete without inclusion of at least three main 
forms. Many species, however, were examined in the three groups, but it is only 
necessary to describe and figure one of each. 


K. The tentorium of Philopterus atratus Nitzsch. (Figs. 30-35.) 


The description of the tentorium of this louse could be applied to any other 
Philopterid genus. Of the genera examined, including Campanulotes, Columbicola, 
Bruelia, Lipeurus, Harrisoniella, Ibidoecus, Struthiolipeurus, Osculotes and others, 
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the only differences that could be detected were of size and degree of sclerotization 
of the bridge. . 

The anterior tentorial pits are minute openings that can only be distinctly 
identified in sections (fig. 32). They are located well away from the margin of the 
head in the tentorial suture. Examination of a set of serial, transverse sections, 
beginning at a level anterior to the anterior jaw articulations, demonstrates the 
clypeo-frontal node (marginal part of clypeo-frontal suture) as a vertical column of 
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Philopterus atratus Nitzsch. Ventral view of head as seen in a cleared whole mount ; 
tentorial bridge reconstructed from sections. 


chitin fused dorsally and ventrally to the head capsule, (fig. 32 A & B) as in 
Amblycera (p. 367). More posterior sections (fig. 32 C & D) exhibit a median 
break in this column to form dorsal and ventral internal ridges. The dorsal ridge 
continues for a short distance along, and then, in later sections, it is no longer possible 
to distinguish it as it merges abruptly with the rest of the head capsule. The ventral 
ridge, however, which also constitutes part of the clypeo-frontal suture, soon divides 
into two. The terminal part of the anterior, inner division, together with the 
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sub-genal area below it, forms the condylar surface for the anterior jaw articulation. 
The posterior, outer division passes below and at the side of the sub-gena, and 
therefore represents the pleurostomal part of the sub-genal suture or tentorial 
suture. From the tentorial pitin the tentorial suture, the anterior tentorial arm 
penetrates into the head lumen (fig. 32) in a typical manner. It will be recalled 
that a similar account was made of the nodal area and origination of the pits and 
arms in Amblycera ; comparison of fig. 8 of Colpocephalum with fig. 32 of Philopterus 
serves to confirm this likeness. The pit is not, therefore, the small notch at the outer 
edge of the node (the latter must represent the sutural depression) nor is the node 
itself the anterior arm. Support for this interpretation of the nodal and sub-genal 
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Philopterus atratus Nitzsch. Dorsal view of head ; origins of clypeal ligaments and 
muscles were reconstructed from sections. 


area is given in the explanation of the generalized Mallophagan head (p. 412) deduced 
from comparisons with the basic plan of an insectan head. 

When still more posterior sections are examined each anterior arm is seen to 
separate from the thickened base of its suture as a small chitinous rod, only heavily 
sclerotized in its proximal part. Distally, this rod changes its nature by reduction 
in. degree of sclerotization (stains red instead of yellow by the Azan method), and 
passes up towards the dorsum of the head to which it is linked by a ligament in- 
nervated by the clypeal nerve; this ligament is therefore the clypeal ligament 
(fig. 34), often chitinized in Ischnocera, and the anterior arm equivalent to the 
comparatively small projection from the arm of Heterodoxus (figs. 27, 28 & 29 X). 
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Fig. 33. 
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Philopterus atratus Nitzsch. Transverse, serial sections of head cut in the region of the tentorial 
bridge and posterior tentorial pits. 


COMPARATIVE ANATOMY OF THE MALLOPHAGAN HEAD 393 


Some of the antennal muscles originate on the median portion of the anterior 
tentorial arm, but others have migrated to the dorsum of the head lateral to the 
origin of the clypeal ligament on it (figs. 32 & 34). 

No further extension of the anterior arms posterior to the ligament was seen in 
any Ischnoceran head examined. Reduction of the posterior part behind the liga- 
ment was found to be in progress in some Amblycera, Boopidae in particular, where 
it is represented by a weak, chitinous but non-sclerotized rod ; this condition thus 
appears to anticipate loss of this part of the arm in Ischnocera. 

The tentorial arms, interpreted here as anterior ones, are regarded by Kéler (1938) 
(who described the tentorium of T'richodectes melis Fabricius) as rudimentary dorsal 
arms, though he did not find any connection to the dorsum of the head. True dorsal 
arms are usually regarded as outgrowths from the anterior arms, so that, if Kéler’s 
suggestion be accepted, it must be assumed, as he did, that the anterior arms are 
fused to the head capsule, which would account for the projection of the “‘ dorsal ” 
arms into the lumen directly from the exoskeleton. However, the discovery here 
of a definite external pit associated with each invagination in the tentorial suture, 
and the presence of a clypeal ligament and tentorio-oral ligament attached to each 
arm in precisely the same manner as in Amblycera, is sufficient proof of their homo- 
logy with the anterior half of true anterior tentorial arms (compare figs. 28 & 34). 

Once the short anterior arms of the Ischnoceran head had been recognized in 
sections they were located in cleared whole mounts but otherwise would have been 
difficult to identify because of their slight sclerotization and the overlying sutures 
which, by their density to light, obscure the arms in many Ischnocera. The 
connection of the arms to the dorsum of the head by the clypeal ligament would 
certainly not be seen except by sections. In cleared mounts, viewed from the 
ventral surface, the anterior arms appear as hyaline projections which cross the 
clear area of the articular membrane of the mandibles (fig. 30). 

A tentorio-oral ligament, which passes from the anterior arm to the mouth angle 
in the region of the posterior arm of the sitophore (fig. 34), is found in Ischnocera, 
but the muscle corresponding to the ligament of Denis is absent in them all; in this 
last particular the Ischnocera differ from Amblycera. 

Other muscles associated with the anterior tentorial arms in Psocoptera and 
Amblycera are the mandibulo-tentorials and the adductor stipitals. In the 
Philopteridae the former are represented only by ligamentous connections to the 
inner edge of the mandibles near the insertions of the adducter apodemes (fig. 34). 
The adductor stipital muscles attach to the dorsum of the head (frontal region) 
some distance behind the clypeal ligament attachment. This migration is 
presumably associated with the disappearance of the posterior part of the anterior 
arms which are retained in Psocoptera and Amblycera and upon which these 
muscles originate. 

Although the position of attachment (origin) of the clypeal ligament to the dorsum 
of the head in Ischnocera is more medianly placed than in Amblycera, it is, 
nevertheless, noteworthy that it lies on a line drawn through the long axis of the 
clypeo-frontal node towards the centre of the head. This line on each side probably 
represents the posterior limit of the clypeus anterior to which all the cibarial 
(epipharyngeal) muscles originate (fig. 31) ; see also p. 374. 
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Philopterus atratus Nitzsch. Reconstruction from transverse sections of part of head viewed from 


the anterior aspect ; the cut surface on the right is in a more anterior plane than that on the 
left. 
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Posterior tentorial pits are present in Philopterus and other Ischnocera, though 
they are usually smaller than in Amblycera. They penetrate the post-occipital 
sutures close to the occipital margin of the head in the majority of species. 

Short, sclerotized, posterior arms, such as those in Harrisoniella (Cope, 1940) and 
Trichodectes (Kéler, 1938) project into the head lumen as invaginations from the 
posterior pits. They are observable in cleared whole mounts where they appear as 
rudiments of the posterior tentorium. 

A tentorial bridge connecting the two posterior arms has not been detected in 
Ischnocera before. It was by means of Azan-stained sections only that it was 
discovered during this study. It is a delicate, flat, non-sclerotized, chitinous arch 
supported between the two posterior arms as though it was a continuation of them 
(figs. 30 & 33). The following facts were also observed in sections which leave no 
doubt that the structure in question is the tentorial bridge, especially when compari- 
sons with conditions in Amblycera are made : 

(a) The structure lies below the sub-oesophageal commissure as does the bridge 
in Amblycera and other insects. 

(b) Itis attached medianly to the posterior face of the sitophore by a membrane 
comparable to the one found in Psocoptera (Badonnel, 1934) and here in 
Amblycera, and called the tentorio-hypopharyngeal ligament (Philopterus, 
fig. 33 C & D; Harrisoniella, fig. 53). 

- (c) A muscle, though small, passes from each posterior arm of the sitophore to 

the bridge; these and another pair just within them on either side of the 

tentorio-hypopharyngeal ligament, represent tentorio-hypopharyngeal muscles 

homologous to similar ones in Psocoptera and Amblycera (fig. 33 B—F). 

(d) There is a membrane attached to it from each of the corpora cardiaca 
which are suspended from the supra-oesophageal ganglion just behind and lateral 
to the posterior limit of the sitophore, as was found in Amblycera (fig. 33 A). 

(e) There isa pair of muscles inserted on the anterior region of the oesophagus ; 
one on each side passes backwards down the head in a line parallel with and close 
to the bridge to originate on its short, sclerotized posterior arms ; similar ventral 
oesophageal muscles are present in Psocoptera and Amblycera (fig. 33 J—N). 


The diagram (fig. 30) of the whole head of Philopterus viewed from the ventral 
side and drawn as a transparency exaggerates the size of the bridge. It should be 
pictured as a thin ribbon-like ligament, only slightly chitinized, the flat surface of 
which is in the plane of the paper. In transverse sections (fig. 33), therefore, small 
portions are visible at a time. From these sections the bridge was reconstructed 
and placed in position in the diagram of the cleared whole mount of Philopterus 
(fig. 30) and by a similar method in the figures of other Ischnocera. In a number of 
Ischnocera examined the bridge is, however, observable in the cleared whole mounts 
when slightly sclerotized as in Harrisoniella (fig. 53) and Struthiolipeurus. 

There are no ventral prothoracic muscles requiring support from the bridge or 
posterior arms as in the majority of Amblycera. 

No muscles of the labrum originate on the bridge in Ischnocera. 

The muscles of the lingual sclerities (hypopharyngeal retractors) find origin Just 
within the post-occipital suture at the back of the head (fig. 31), as is the case in 
Psocoptera and Amblycera. 
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The minute lacinial muscles originate on the ventral surface of the head outside 
the post-occipital suture similar to Amblycera and Psocoptera. 

The mandibulo-hypopharyngeal muscles are absent in Eallaptacud forms of 
Ischnocera (compare other forms below). 


L. The tentorium of Goniodes oreophilus Clay and G. lagopi (Linnaeus). (Figs. 36 
& 37.) 

These two species were examined by sections made from well fixed material. 

No essential differences of the tentorial structures and muscle arrangements from 


those in Philopterus could be detected. Figs. 36 & 37 illustrate some of these 
similarities. 


Fig. 36. 
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toniodes lagopi (Linnaeus). Ventral view of head as seen in a cleared whole mount; tentorial bridge 
reconstructed from sections ; part of labrum cut away to show the pad of tissue, the pulvinus, 
(here considered to be the enlarged clypeo-labral suture) below it. 


M. The tentorium of T'richodectes canis (Degeer). (Figs. 38 & 39.) 


Sections of this louse were made from Zenker-fixed material. The following 
features are the only ones that could be found differing from the conditions in the 
Philopterid and Goniodid heads. 

Anterior tentorial arms, though exactly similar in origin and formation to those 
in Philopterus, are somewhat stouter structures in 7'richodectes. 

All the antennal muscles originate on the anterior tentorial arms. This position 
of origin of the antennal muscles is considered to be more primitive than the 
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Goniodes oreophilus Clay. Dorsal view of head; origins of clypeal ligaments and muscles recon- 
structed from sections. The probable posterior limit of clypeus is indicated on the right half 
only of diagram. 
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T richodectes canis (Degeer). Ventral view of head as seen in a cleared whole mount ; 
tentorial bridge reconstructed from sections. 
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condition in Philopterus and Goniodes where some of these muscles have shifted to 
the head capsule (p. 358), and less primitive than that of the Psocoptera where some 
are retained on the true dorsal arms of the tentorium (p. 360). 

A small mandibulo-hypopharyngeal muscle is retained in T'richodectes. ‘This may 
be a primitive feature likewise, since this muscle is present in Amblycera. It is 
inserted on the inner angle of the mandible just anterior to the attachment of the 
adductor apodeme, and originates on the small posterior arm of the sitophore, 
exactly as in the Amblycera. 

Fig. 39. 
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Trichodectes canis (Degeer). Median longitudinal section of head. 


There is a minute muscle, almost reduced to a ligament, which passes from the 
mandible to the anterior arms, and this again seems to be more primitive than in 
Philopterus where the homologous structure is a ligament. 

Several other genera of the family Trichodectidae were examined in sections. 
These included two species of Hutrichophilus and three of Damalinia (Bovicola), and 
a species each of the genera Felicola and Dasyonyx. The survey showed that the 
arrangements of the muscles associated with the tentorium and the mouth-parts 
were similar to Philopterus except for the differences cited above for T'richodectes. 
No variations in the structure of the tentorium could be found. 


5. Tentorvum of Anoplura and Rhyncophthirina. 
i. Anoplura. 

The heads of three species of Anoplura were carefully examined in section. They 
included the large pig louse, Haematopinus suis (Linnaeus) (fig. 41) and a primitive 
form from Parascalops brewer: (Bachman), an insectivore. No traces of a tentorium 
or associated ligaments were foundinany. This apparently agrees with the findings 
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of other authors including Florence (1921) who does not mention a head endo- 
skeleton ; Stojanovich (1945) states that “‘ tentorial pits and the tentorium are 
entirely lacking”. 

All the antennal muscles originate on the dorsum of the head in a median line 
down the clypeus as identified by Stojanovich (1945). If Anoplura are derived from 
Ischnocera, as many authors suspect (see p. 431), it is not surprising that these 
muscles have attained a position on the head capsule, for the route taken was 
possibly that demonstrated in extant Philopteridae and Goniodidae, 7.e. via the 
anterior arms and clypealligament. This return of the antennal muscles to the head 
is therefore a secondary condition, not primitive ; a more primitive arrangement is 
seen in Psocoptera where some of the antennal muscles are on the anterior and some 
on the dorsal arms, whilst the intermediate condition is illustrated in Ischnocera with 
antennal muscles entirely on anterior arms (Trichodectidae) or divided between the 
anterior arms and the head capsule (Philopteridae and Goniodidae). 

Muscles associated with the mouth-parts originate on the obturaculum (sensu 
Stojanovich, 1945), to be described in the next section. A large muscle is inserted 
on each mandible (of Enderlein) as shown by Florence (1921), and originates on 
the posterior lateral angle of the mouth cavity (hypopharyngeal suspensor ; 
Stojanovich, 1945), i.e. on part of the highly modified sitophore. This muscle, 
identified as the maxillary muscle by Stojanovich (1945), is here regarded as homo- 
logous to the mandibulo-hypopharyngeal muscle of Amblycera and Trichodectidae 
of Ischnocera. 

Oesophageal muscles are found attached to the head cuticulum, since there is no 
tentorial bridge. 


i. Rhyncophthirina. 
Sections of Haematomyzus elephantis Piaget, the elephant louse, revealed a minute 
posterior tentorial pit well back on the head, one on either side, with a very short 


Fig. 40. 
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Haematomyzus elephantis Piaget. ‘Transverse section of head in region of posterior tentorial pits. 


inwardly projecting arm on which a single oesophageal muscle originates (fig. 40). 
No other parts of the tentorium were found *. 


* In a private communication received on April 5, 1950, Dr. Kéler states that he (independently) 
finds rudiments of posterior tentorial arms in Haematomyzus. 
3G2 
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Fig. 41. 
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Haematopinus suis (Linnaeus). Median longitudinal section (slightly oblique) of head. 
Fig. 42. 
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A, part of transverse section of head of 7'rinoton sp. just posterior to the sub-oesophageal ganglion. 
B & C, parts of transverse sections of head of Haematopinus suis (Linnaeus) posterior to the 
sub-oesophageal ganglion. Note the absence of an obturaculum in the Amblyceran species 
and its distinct formation in the Anopluran species. 
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Antennal muscles originate on the dorsum of the head as in Anoplura. 
The only muscles to be found were the adductors and abductors, which originate 
on the back of the head capsule. 


6. The Obturaculum of Anoplura. 


Stojanovich (1945) describes a dense, fibrous, cupulate plug of tissue at the back of 
the head of all Anopleura he examined. It gives support to the origins of muscles 
ot the trophic stylets (mouth-parts modified for piercing and sucking). It surrounds 
the sub-oesophageal ganglion and separates the head cavity from that of the thorax. 
It is penetrated by the gut, tracheal tubes, and ducts of the salivary glands. 
Stojanovich (1945) called this structure the obturaculum, and stated that it had 
not been found elsewhere than in Anoplura. In Azan-stained sections used in this 
study it appears as a deep blue structure, certainly fibrous in nature (figs. 41 & 42). 


Fig. 43. 
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Parts of transverse sections of the head of: A, Struthiolipeurus sp. ; B, Philopterus atratus Nitzsch ; 
C, Goniodes lagopi (Linnaeus) posterior to the sub-oesophageal ganglion. 


A histologically similar fibrous tissue also surrounds the head ganglia of all 
Ischnocera and Rhyncophthirina (figs. 43 & 44). It is not so dense and does not 
form a cup of tissue, however, or support muscle origins as in Anoplura. It appears 
to be homologous to fibrous connective tissue which usually surrounds the head 
ganglia of insects, though in Anoplura, Ischnocera and Rhyncophthirina it is more 
than usually well developed. Whether or not it performs an additional function, 
other than protection of the ganglia, in the Ischnocera and Rhyncophthirina, is 
difficult to say. It may help to support the ganglia within the head lumen, since 
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the tentorial bridge is either very reduced or absent in these insects. The function 
of supporting the trophic muscles is certainly unique in Anoplura. In Anoplura, 
Rhyncophthirina and Ischnocera, sections show that this fibrous tissue is closely 
connected to, and is produced by, the enlarged epithelial cells in the hind region of 
the head. 

The connective tissue around the ganglia of Psocopteran and Arahiyoorat species 
is not unusually developed in this way (fig. 42). 


Fig. 44. 
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Parts of transverse sections of the head of: A, Dasyonyx nairobiensis Bedford ; B, Damalinia bovis 
(Linnaeus) ; C, Haematomyzus elephantis Piaget posterior to the sub-oesophageal ganglion. 
Note the development of fibrous tissue at the back of the head in all Ischnocera and Haemato- 
myzus illustrated in this and fig. 43 ; it is regarded as equivalent to the obturaculum of the 
Anoplura, fig. 42. : 


7. Summary of Tentorval Form. 


Comparative analysis of the form and distribution of tentorial structures and 
muscles associated with them and the mouth-parts in Psocoidea has revealed the 
cas facts. 


. The general form of the tentorvum. 


A. Psocoprersa. The tentorium is closely similar to the generalized frisectan 
form with well-developed anterior and posterior arms joined across the head by a 
stout bridge. Dorsal tentorial arms are present in most Psocoptera. The Psocop- 
teran tentorium is thus the most primitive of the Psocoidean types. The inclination 
of the head, whether hypognathous or prognathous, does not affect the main plan 
of the tentorium. 


, 
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B. PHTHIRAPTERA. ‘The tentorium is modified. Dorsal arms are always absent. 
Anterior arms are always complete in Amblycera but rudimentary in Ischnocera and 
absent in Rhyncophthirina and Anoplura. A tentorial bridge is present in all 
Amblycerous and Ischnocerous Mallophaga in various degrees of reduction, and 
completely absent in Rhyncophthirina and Anoplura. 


a. Amblycera. 


Modifications of tentorial form occur and are sufficiently variable to allow 
sub-division into at least four types. The main tendency is towards reduction of 
the bridge to a fine ligament or membrane (Groups III and IV) and loss of sclerotiz- 
ation of the anterior tentorial arms in the region that lies beyond the attachment of 
the clypeal ligament (Boopidae). Forms like Colpocephalum (Group I) are most 
like those of Psocoptera. Intermediate forms are described. 


b. Ischnocera. 

There is considerable reduction, but the forms within this superfamily are too 
similar to be capable of classification into distinct types. Reduction is manifested in 
the anterior arms, which are short rods, disconnected from the rest of the tentorium 
but attached to the dorsum of the head by the clypeal ligament (see below), and 
in the bridge, which is merely a delicate ligament, chitinized in some large species. 
A .tentorial bridge has not been found in any Ischnoceran before. Reasons are 
given to show that the anterior arms are not dorsal arms. 


c. Rhyncophthirina. 


A tentorium in Haematomyzus is absent but for rudimentary posterior pits and 
arms. 


d. Anoplura. 

There is no tentorium or any rudiment of it. 
ii. Origin of the anterior.tentorial pits. 

The anterior tentorial pits are found on the ventral side of the Mallophagan head. 
Their position in the tentorial suture (pleurostomal part of the sub-genal suture) is 
recognized for the first time in Psocoptera and Mallophaga (other than Rhyncoph- 
thirina) ; this position is primitive, since it is also found in Diplopoda, Chilopoda and 
lower pterygote insects (Snodgrass, 1935). Anterior tentorial pits are absent in 
Rhyncophthirina and Anoplura. 


iii. The sub-genal areas. 

The sub-genal area, sub-genal suture and the anterior tentorial pits are situated at 
the side of the head in Psocoptera, but have migrated on to the ventral surface in 
Amblycera and Ischnocera. The node-like thickening at each lateral margin of 
the Mallophagan head is part of the overturned clypeo-frontal suture and not the 
anterior tentorial arm. 


iv. The ligaments of the head. 


A. The clypeal nerve, which is a branch of the labro-frontal nerve, innervates the 
epithelium of the internal ridge of the clypeo-frontal suture lateral to the anterior 
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tentorial pits in Psocoptera. A homologous nerve innervates a ligament, described 
for the first time, which hangs by a pad of epithelial cells from the dorsum of the head 
just posterior to the extremity of the clypeo-frontal node, and is attached to the 
anterior arm of the tentorium in Amblycera and Ischnocera; this ligament is 
believed to represent the posterior limit of the clypeo-frontal suture or a point on 
some part of it, and has been called the clypeal ligament. It joins the head more 
medianly in Ischnocera than in Amblycera. 

B. Tentorio-oral and tentorio-hypopharyngeal ligaments have been found in 
Psocoptera (Badonnel, 1934), and are also present in Amblycera and Ischnocera. 

C. A single, long muscle fibre, apparently equivalent to the tensory ligament of 
Denis (1928) in Collembola has been found in Amblycera only. 

D. A ligament from the bridge to each corpus cardiacum is described in 
Amblycera and Ischnocera. 

Note: the ligaments of Rhyncophthirina and Anoplura have not been analysed. 


v. The muscles of the tentorvum and mouth-parts. 

A. Antennal muscles originate on the anterior arms, or anterior and dorsal 
tentorial arms in Psocoptera. In Amblycera and Trichodectidae of the Ischno- 
ceran Mallophaga all the origins are on the anterior arms ; in all other Mallophaga 
(except Rhyncophthirina) half the antennal muscles are found on the dorsum of 
the head and the others on the anterior arms. All antennal muscles of the Anoplura 
(Stojanovich, 1945) and Rhyncophthirina originate on the dorsum of the head. 

B. Mandibulo-tentorial muscles are present in Psocoptera and Amblycera but 
are usually reduced to ligaments in Ischnocera. 

C. Mandibulo-hypopharyngeal muscles are well developed in Amblycera, less so 
in Trichodectidae and absent in all other Ischnocera. A mandibulo-hypopharyngeal 
muscle has been recognized in Anoplura but not in Rhyncophthirina. The 
reduction in size and restriction of the homologous muscles to the lumen of the jaw 
in Psocoptera is presumed to be a specialization. 

D. The origins of the adductor stipital muscles are on the anterior tentorial arms 
in Psocoptera and Amblycera but on the dorsum of the head in Ischnocera con- 
comitant with the disappearance of the posterior part of the anterior tentorial 
arms. , 

E. The ventral prothoracic muscles from the tentorium are present in Psocoptera 
and all Amblycera (except Laemobothrion), but are absent in all other Psocoidea. 


vi. The obturaculum. 

A fibrous, cupulate plug of connective tissue, the obturaculum, is present 
in Anoplura, which gives support to the muscles of the trophic stylets (Stojanovich, 
1945). It is homologized with the enlargement of the connective tissue which sur- 
rounds the head ganglia in Ischnocera and Rhyncophthirina, whilst in Amblycera 
and Psocoptera the development of this connective tissue is no greater than that 
normally found in insects. 


8. Causes of Variation in Tentorial Form. 


The main function of the insect tentorium is to support muscle origins and brace 
the head capsule. Its degree of development probably depends on mechanical 


COMPARATIVE ANATOMY OF THE MALLOPHAGAN HEAD 405 


demands made by the muscles attached to it. Results of the present investigation 
have shown that considerable variation exists both in the form of the tentorium 
and arrangement of muscles associated with it. Whether or not reduction, migra- 
tion, or loss of muscles influence the structure of the tentorium will now be 
considered, together with the possibility that changes in form of the mouth-parts 
and degree of sclerotization of the head capsule may contribute to this modification. 
The significance of the position of the anterior tentorial pits and the formation of 
the obturaculum is also reviewed. 


i. Reduction in size and migration of muscles. 
A. Muscles of the anterior tentorial arms. 

The course of migration of the antennal muscles from the dorsal tentorial arms 
(Psocoptera) to the anterior arms (Trichodectidae) and, in part, from anterior 
arms to the dorsum of the head in Philopteridae suggests that their origination 
entirely on the dorsum of the head in Anoplura and Rhyncophthirina is a secondary, 
not primitive, condition. This migration appears to contribute to loss of dorsal 
arms in Mallophaga and disappearance of anterior arms in Anoplura and Rhyncoph- 
thirina. : 

Removal of adductor stipital muscles from the posterior part of the anterior 
arms to the dorsum of the head and consequent absence of this part of the 
tentorium in Ischnocera is in keeping with and perhaps anticipated by lack of 
sclerotization of the same part in some Amblycera (Boopidae). 

Lack of labial muscles on the anterior arms in Ischnocera may contribute to the 
reduction of this part of the tentorium, whilst in contrast they are present in Ambly- 
cera, which therefore retain the posterior part of the anterior arms (though 
reduced by non-sclerotization). The mandibulo-tentorial muscles of Amblycera 
can be homologized with ligaments in Ischnocera which do not require so much 
support from the endoskeleton as the former. In Ischnocera, then, anterior arms 
are reduced to small chitinous invaginations each fused to the dorsum of the head 
by the corresponding clypeal ligament, an arrangement which must enhance the 
efficiency of the arms as supports for the antennal muscles that alone remain on 
them ; but for the antennal muscles retention of the arms would be unneccesary. 


B. Muscles of the tentorial bridge and posterior arms. 

Variations in form of the posterior tentorium in members of Psocoidea can also be 
correlated with changes in size, position, or loss of associated muscles. 

The tendency for muscles to be removed from the bridge was evidently incipient 
in ancestors of Psocoptera, for both the muscles of the lacinia (maxilla) and lingual 
sclerites (hypopharynx), which normally originate on the tentorial bridge in most 
insects, are found on the head capsule on all Amblycera and Ischnocera. However, 
removal of these muscles only is apparently insufficient to cause reduction of the 
tentorial bridge, since a well-developed one is found in Psocoptera and primitive 
families of Amblycera (Menoponidae). When the tendency is carried further, 
however, by removal of most of the ventral oesophageal muscle origins (present on 
the bridge of Psocoptera and many Amblycera), to the posterior arms in some 
Amblycera (e.g. Gyropidae), or their reduction in size in all Ischnocera then the 
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bridge is reduced to a membranous ligament. Furthermore, the muscles associated 
with the sitophore and bridge are much smaller in Ischnocera than Psocoptera or 
Amblycera, which have a heavily chitinized bridge. 

In no Mallophaga, except Rhyncophthirina, is a bridge completely lost. Its 
retention, when in the form of a ligament, might be partly explained by the presence 
of the corpora cardiaca which are attached to it by a suspensory membrane, and the 
small tentorio-oesophageal and hypopharyngeal muscles which originate on it. 
In Rhyncophthirina, rudimentary posterior arms support the origin of the small 
ventral oesophageal muscles. 

In all Mallophaga, in which the ventral prothoracic muscles are absent, posterior 
tentorial arms are reduced (Laemobothrion of Amblycera and all Ischnocera) to 
short sclerotized projections, which are connected by a bridge except in 
Rhyncophthirina. 

It is not surprising to find that there is no tentorium in Anoplura, since the 
tendency for the removal of muscles from the tentorium, either by loss or 
migration, has already been carried far in Ischnocera and Rhyncophthirina. 


ii. Effect of structure of mouth-parts wpon tentorial form. 


Changes in form of the Mallophagan mouth-parts are chiefly associated with 
modifications of the hypopharynx (Cummings, 1913, 1916; Clay, 1949 a). It is 
significant, perhaps, in this connection that the only muscles of the hypopharynx 
associated with the tentorium of Psocoidea are the pairs inserted on the sitophore. 
That the mouth-parts do not contribute to variation in tentorial form is seen by 
reference to examples studied in this investigation. 


A. Species in different superfamilies which have closely similar mouth- 
parts but quite different tentorium. 


The tentorium of all Ischnocera, which consists of short, disconnected anterior 
arms and a ligamentous bridge, is very different from the comparatively complete 
form of Amblycera, especially Menoponidae ; but in spite of this the hypopharynx, 
particularly the sitophore, of many members of Ischnocera (e.g. Philopterus and 
Trichodectes) is indistinguishable from many Amblyceran types (e.g. Colpocephalum) : 
compare figs. 35, 39 & 11. 


B. Species in different families which have different mouth-parts but 
closely similar tentorium. 


Examples under this heading belong to the families Gyropidae, Trimenoponidae 
and Boopidae. The sitophore in all these is modified in shape (compare figs. 20 & 
26), whilst differences in detail of other parts of the hypopharynx also exist 
(Cummings, 1913). The tentorium, on the other hand, is closely similar. In each 
the bridge is reduced to a ligament, and there is a tendency towards reduction in 
size and sclerotization of the posterior portions of the anterior arms. It is also 
noticed that these forms differ distinctly from those in other Amblyceran families 


which contain members that have mouth- -parts similar to phon of the families 
discussed under this heading. 


a 
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C. Species within a family which have dissimilar mouth-parts but indis- 
tinguishable tentorium. 
A modified hypopharynx is present in Ancistrona (fig. 12) but this louse has a 
generalized tentorium similar to other Amblyceran genera with unspecialized 
Mallophagan trophi such as Colpocephalum (fig. 6). 


D. Species of closely related genera which have different mouth-parts but 
quite similar tentorium. 

Ricinus (and in all probability T'rochiloecetes) has a tentorium like that of 
Laemobothrion. ‘The mouth-parts of the latter, though modified, are not greatly so 
(Cummings, 1913). Ricinus and T'rochiloecetes are considered to be closely related 
(Clay, 1949 a), and so is Laemobothrion to Ricinus (Hopkins, 1942). The mouth-parts 
of the former pair are highly modified, especially those of T'rochiloecetes which have 
recently been described by Clay (1949 a) as capable of piercing, whilst those of 
Ricinus are, in some species, closely approaching similar conditions. The tentorial 
form, however, is not only indistinguishable in the species of Ricinus examined from 
that of Laemobothrion but also unlike that of any other Amblycera examined. 


E. Degrees of variation of mouth-parts are not necessarily correlated with 
degrees of tentorial reduction. _ ; 
The mouth-parts of T'rinoton are more modified than those of Gyropus or Laemo- 
bothrion (Cummings, 1913) but the tentorial bridge of the latter two genera is con- 
siderably more reduced (a ligament) than that of T'rinoton which is broad though 
non-sclerotized. 

Thus, sufficient examples can be found to indicate that tentorial form is not 
directly influenced by the structure of the mouth-parts which appear to have evolved 
more rapidly and more irregularly within related groups of species than the 
tentorium. 


iti. Sclerotization of the head capsule. 


This is another factor which may contribute to the reduction in size of the 
tentorium, which, when sufficiently developed, acts as a brace to the head capsule. 
Heavy sclerotization of the head is a characteristic of most ectoparasitic forms of 
Psocoidea, a specialization, no doubt, due to their mode of living. Such hard, 
cephalic exoskeletons would have less need of a strong endoskeleton, and this 
may have stimulated, or at least contributed to, its reduction. It would be 
roughly true to say that the heads of the Ischnocera are, on the whole, more 
heavily sclerotized than the majority of the Amblycera, which have the more 
complete tentorium. Moreover, the Anoplura and Rhyncophthirina, which lack 
a tentorium, have a thick cuticle in relation to their size. 


iv. Formation of the obturaculum: probably a result of tentorial reduction. 

The cause of the increased formation of the fibrous connective tissue which 
surrounds the head ganglia in Ischnocera and Rhyncophthirina is obscure unless, as 
previously suggested (p. 401), it is to protect and support the ganglia, in place of the 
tentorium which has been so much reduced. This theory would be more con- 
vincing if some degree of development of this connective tissue were manifest in 
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Amblyceran forms which have weak tentorial bridges. No such development was 
observed in sections of these lice. Nevertheless, whatever its function in the 
Ischnocera and Rhyncophthirina may be, there is no doubt that this tissue is homo- 
logous to the obturaculum of the Anoplura, though, in the latter, it has acquired the 
function of supporting the muscles of the trophic stylets of these sucking lice. 


v. Position of the anterior tentorial pits. 


The flattened nature of the head is a specialization exhibited by the ectoparasitic 
forms of Psocoidea. The non-parasitic Psocoptera do not have dorso-ventrally 
flattened heads, though they may be prognathous like the Mallophaga. Anterior 
tentorial pits in Psocoptera arise in the tentorial sutures at the side of the head. If 
enlargement of the dorsal and median portions of such a head be visualized, together 
with flattening, a condition results which would cause the sub-genal area, and the 
sutures surrounding it, to be carried on to the ventral side of the head, as in 
Mallophaga. The primitive position of the pits in the tentorial suture is, however, 
retained. 


VI. Tur LactntAL GLAND OF AMBLYCERA AND ISCHNOCERA. 
(Figs. 34, 59 & 60.) 


In spite of great variation of skeletal structure of the Mallophagan mouth-parts, 
examination of serial sections of Amblycera and Ischnocera (about 35 species in all) 
has revealed in every case an extensive head gland associated with the lacinia, and 
composed of epithelial cells. It is a sac-like structure, often bi-lobed, with a wide 
lumen which, in the sections, always appeared to be empty save for a cuticular 
intima. It is attached to the anterior end of the lacinia after the latter has 
penetrated the head surface. This stylet structure, the lacinia, has been described 
in many Amblycera (Cummings, 1913, 1916), where it is similar to but smaller than 
that of Psocoptera ; in Ischnocera, it is still further reduced, but can be seen in thin, 
Azan-stained sections, rarely in cleared mounts, as a minute, non-sclerotized pear- 
shaped structure pointed at the tip (Philopterus, fig. 34). The gland associated with 
it is, nevertheless, as large in Ischnocera as in Amblycera (fig. 60). The appearance 
of the gland in section is shown in fig. 59 of Laemobothrion. A chitinous thread or 
splint (lacinial apodeme) extends from the lacinial tip in Amblycera and Ischnocera 
for some distance backwards in the head, adhering to the internal face of the 
epithelial cells of the gland. The splint ends about halfway along the gland where 
a long, thin muscle is inserted which proceeds down the head to originate on the 
ventral surface beside muscles of the mandibles. Another muscle runs along the 
anterior length of the splint (fig. 60). Both in Amblycera and Ischnocera the 
musculature of the lacinia is more reduced than in Psocoptera (described by 
Badonnel (1934)). In one genus only of those so far examined (7'rinoton, two 
species) the gland has a network of muscle fibres over its outer surface (fig. 15). 

It is difficult to imagine what the function of this gland could be, as no duct or 
outlet through the lacinia could be found in Ischnocera, though communication 
with the exterior would be possible through the minute opening at the tip of the 
Amblyceran lacinia. 
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The morphological interpretation of the gland is assisted by examination of the 
lacinia of Psocoptera. In Lepinotus (fig. 4) the epithelium surrounding the lacinia 
is invaginated for a short distance into the head. It appears that this invagination 
has enlarged so much in Amblycera and Ischnocera that it occupies an extensive 
volume of the head lumen, and may sometimes be seen in cleared whole mounts 
made with gum chloral, or, rather, its cuticular lining can be seen. It is curious that 
it is sometimes seen only on the left or right side of the head in such preparations, 
sometimes not at all. The sections, however, show it to be present on both sides of 
the head. 

A gland, similar in nature to this lacinial gland of Amblycera and Ischnocera, 
was not found in the heads of either Rhyncophthirina or Anoplura. The glands of 
Pawlowsky (Florence, 1921) found in Anoplura which open into the sheath of the 
piercing stylets do not have the same histological appearance as the glands here 
described, though Stojanovich (1945) suggests that they may be homologous to the 
*“ maxillary glands ” which sometimes occur in other insects. Further comparative 
study is required before this suggestion can be verified. Besides, there is still some 
doubt as to which part of the mouth-parts is maxillary in Anoplura. 

The absence of a lacinial gland in all true sucking lice, including the elephant 
louse, and its universal presence in all other Phthiraptera (whether biters or biters 
and partly blood suckers) suggest that it may have phylogenetic significance and 
that it is not an adaptive feature. Such a suggestion is supported by the fact that it 
is a comparatively stable or uniform trophic structure compared, for example, with 
the hypopharynx, or even the mandibles within the groups possessing it. The 
possibility of its importance has been entertained, therefore, in the consideration of 
the phylogeny of the Phthiraptera. 


VII. THe MattopHacan Heap. 


The topography of a generalized Mallophagan head can be suggested once the 
true positions of the tentorial pits and thus the clypeo-frontal and post-occipital 
sutures have been found. Some areas can be determined or verified by reference to 
muscle origins. These requirements have been obtained by examination of sections 
and cleared whole mounts of many Mallophagan heads (pp. 365-399). Other sutures 
and sclerites must be identified by reference to the plan of a generalized insect head. 


1. Generalized Form. 

By visualizing a series of changes on a primitive insect head such as the hypo- 
gnathous (long axis vertically inclined) Psocopteran type, the features of the 
Mallophagan head may be built up. Two modifications are necessary : attainment 
of the prognathous position (long axis of the head horizontally inclined), and 
suppression of some areas and sutures with extension and fusion of others. It is 
not suggested that the following changes indicate a true evolutionary sequence, but 
are given in support of the present interpretation of the Mallophagan head. 


i. The prognathous condition and position of the posterior tentorial pits. 

Figure 45 A & B is a diagrammatic representation of a hypognathous insect 
head such as is found in Psocoptera, except that the sub-division of the clypeus into 
ante-clypeus and post-clypeus is not indicated. This figure may be compared with 
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Fig. 45. 


clypeo-frontal suture 


sub-genal area 


submentum 
maxilla 


arched portion of pleurostomal suture =tentorial suture 
pleurostomal suture 


hypostomal suture }sports of sub-genal suture 


posterior tentorial pit antennal socket 
posf-gena eye 
s vertex 


onterior tentorial arm 


posterior tentorial arm 
occiput and suture 


post-occipital suture 


~ 
“ee eee 


postocciput 


neck membrane 


A & B. topography of a generalized hypognathous insect head, with anterior tentorial pits arising in 
the pleurostomal part (tentorial suture) of the sub-genal suture. The frontal and post-frontal 
sutures are omitted. A, half of head from dorsal aspect ; B, lateral view; C & D, topography 
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the left half of fig. 1, where the anterior tentorial pits arise in the tentorial suture 
(pleurostomal part of the sub-genal suture), which is the primitive position (p. 357). 

The prognathous inclination of the insect head is achieved by expansion in two 
ways of the ventral surface of the head (Snodgrass, 1935 ; Imms, 1946). One is by 
elongation of the ventral part of the neck membrane to form a broad area, the gula, 
which may or may not be chitinized to form a plate (fig. 45 C & D). The second 
method by which the ventral surface is elongated involves extension of the post- 
genal area of the cranium, including the hypostomal part of the sub-genal suture 
(fig. 45K & F). 

Increase in size of the gular area carries the posterior pits forward on the head 
and away from the occipital foramen, but they remain close to the posterior 
articulations of the mandibles. Lengthening of the post-genal area, on the other 
hand, moves these pits back nearer to the foramen, so that the distance from the 
posterior jaw articulations to the posterior pits and base of the sub- or post-mentum 
is increased (fig. 45 E). 

Examination of Mallophagan heads, from this point of view, indicates that both 
of the above alterations have taken place together, but not necessarily to the same 
extent. In Amblycera the positions of the pits in the post-occipital sutures and 
size of the gula vary with different species ; sometimes the pits are comparatively 
near the posterior jaw articulations and the gula large (T'rivmenopon, fig. 26), 
sometimes the pits are medianly placed (Colpocephalum, fig. 6), and, occasionally, 
they are close to the occipital foramen, and the gula is therefore restricted, so that 
the sub-mentum occupies a large portion of the head (Laemobothrion, fig. 18). 
Figure 47 of a generalized Amblyceran head shows the intermediate state. In 
Ischnocera (fig. 48 of a generalized head) conditions are more stabilized; the 
posterior pits are generally fairly well back on the head close to the occipital 
foramen, due to the greater elongation of the post-genal area compared with the 
gula, and the pits are, consequently, a considerable distance away from the mandibles 
(Gonrodes, fig. 36 ; Philopterus, fig. 30 ; Trichodectes, fig. 38). 


ii. Changes in occipital and post-occipital sutures. 

Fusion of the occipital and post-occipital sutures, which extinguishes the occipital 
area (occiput), frequently occurs in insects. Sometimes the occipital suture is 
suppressed. The former modification appears to have taken place in Mallophaga 
(fig. 45 F), in which case the suture behind the posterior tentorial pits strictly 
consists of two fused sutures. Nevertheless, there is often no apparent suture behind 
the posterior tentorial pits, when it must be assumed that it is suppressed. There 
seems to be no doubt that the thickened ridge behind the posterior jaw articulation 
and anterior to the posterior pits, about to be described, is a double one, which 
includes the anterior part of the occipital suture, so that this favours the suggestion 


of a generalized insect head, with the prognathous inclination attained by enlargement of the 
gular area ; ©, half of head from dorsal aspect ; D, lateral view: E & F, topography of a 
generalized insect head, with the prognathous inclination attained by elongation of both gular 
and post-genal areas ; EK, half of head from dorsal aspect ; F, the same after fusion of sutures 
and suppression of the median region of the clypeo-frontal suture, as is often found in Mallo- 
phaga. Regions, including the sub-genal area, lateral to the arrows are ventral on the 
Mallophagan head. 
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above that the posterior part of the occipital suture also is fused to the neighbouring 
suture, the post-occiptal. This is assumed in the figures of a generalized 
Amblyceran and a generalized Ischnoceran head (figs. 47 & 48). 

In Mallophaga the extreme anterior part of the occipital suture has apparently 
approached the hypostomal part of the sub-genal suture which bears the articu- 
lation of the mandible (posterior) and maxilla, so that the post-genal area tends 
to be squeezed out (fig. 45 E & F; a generalized Amblyceran head, fig. 47 ; and 
a generalized Ischnoceran head, fig. 48). In some forms, especially Ischnoceran, 
a small portion of the post-gena remains as a clear area between sclerotized 
boundaries which presumably represent the hypostomal and occipital sutures 
(Philopterus, fig. 30; Trichodectes, fig. 38), and, in transverse sections, the post- 
gena may show as a space between them, behind which the ridge shows a double 
space as if formed of two fused sutures (hypostomal and occipital), fig. 46. 


ili. Changes in the ventral, anterior cranial areas and sutures. 
The anterior tentorial pits, in a primitive insectan head, arise in the tentorial 


sutures (pleurostomal part of the sub-genal suture) which arch over the anterior. 


articulations of the mandibles to cut off small, triangular sub-genal areas, one on 
each side of the head (fig. 1; fig.45 C&D). The arrangement has been recognized, 
during the present investigation, in the Psocoptera and Mallophaga (several times 
mentioned in emphasis), but, in the latter, the sub-genal area, anterior tentorial 
pits, and associated sutures have migrated to the ventral side of the head as a 
result of increase in size of the dorsum of the flattened head, which would carry 
them round and under the sides of the head (fig. 46). 

The median portion of the clypeo-frontal suture, which crosses the head in 
generalized insects such as Psocoptera, has been suppressed in many Mallophaga 
(fig. 45 F). The remaining lateral parts of the suture in this suborder bend 
over at the sides of the head by a course of events which took the sub-genal area 
on to the ventral side of the head. The suture, therefore, comes to have short 
dorsal and ventral portions at the margin of the head, which form the clypeo- 
frontal node, described for Colpocephalum (p. 367) and Philopterus (p. 389). 
The ventral division continues inwards to the anterior articulation of the mandible 
and, with the sub-genal area, forms the condylar surface upon which the mandible 
fits (generalized Amblyceran head, fig. 47; generalized Ischnoceran head, 
figs. 46 & 48). The sub-genal area usually shows up well in cleared whole mounts 
of Mallophagan heads as a pale area surrounded by the chitinized clypeo-frontal 
and tentorial sutures (Ancistrona, fig. 12 ; Goniodes, fig. 36; Philopterus, fig. 30). 
Slight modifications in this area occur in the Amblycera and are discussed later. 

The genal areas on a generalized insect are ‘‘ behind and beneath the eyes ” 
(Snodgrass, 1935). Mallophagan genal areas have migrated on to the ventral 
surface of the head. In Amblycera a deep groove at the side of each gena forms 
a fossa in which the corresponding antenna rests. This part of the head is labelled 
on many of the figures and on the generalized heads (figs. 47 & 48). 


iv. Clypeal and frontal regions. 


The clypeus is defined by Snodgrass (1935) as “ the facial area of the cranium 
just above the labrum, usually separated from the frons by an epistomal (clypeo- 
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Fig. 46. 
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frontal) suture and sometimes divided into an anteclypeus and postclypeus ; the 
dilator muscles of the cibarium are attached on its inner surface”; see p. 358. 
The ante-clypeus, apparently, never bears muscle origins (Cook, 1944). 

The generalized Amblyceran (fig. 47) and Ischnoceran (fig. 48) heads indicate 
that the clypeal area has enlarged anteriorly and its front portions turned on to 
the ventral side (compare the figures of Colpocephalum, fig. 6; Ancistrona, fig. 12 ; 
Heterodoxus, fig. 38 ; and Goniodes, fig. 36, with those of the generalized heads). 

This migration of the anterior clypeal area on to the ventral side of the head 
is often carried far enough to bring the labrum on to the ventral surface. Between 
the clypeus and the labrum is the clypeo-labral suture, which is a narrow, inter- 
segmental membrane in Amblycera but in Ischnocera is a broad, thick pad 
(discussed further in the next section). 

In Mallophaga the posterior boundary of the clypeus on the dorsal surface of 
the head, is not always marked by a clypeo-frontal suture. The cibarial muscles 
are on the clypeus so that the area which includes the posterior limit of their 
origins is clypeal in nature. 

The clypeo-frontal suture of Ischnocera is often represented only by the nodes 
at the side of the head, but lines drawn from them through the origin of the 
clypeal ligament to meet centrally probably represent the position of the rest 
of the suture (Philopterus, fig. 31; Goniodes, fig. 37). The origin of the clypeal 
ligament thus serves as an important “landmark ” on the Ischnoceran head. 

The Amblycera, however, often have a faintly marked suture on the dorsum of 
the head in addition to the clypeo-frontal node, which curves backwards from each 
of, the latter in the form of an arc; it lies posterior to the cibarial muscle origins 
and must, consequently, be the clypeo-frontal suture (T’rumenopon, fig. 49). 

The region behind the clypeo-frontal suture represents the frons, as defined by 
Snodgrass (1935). No ocelli are present on the Mallophagan frons, but lateral labral 
retractors take origin thereon (figs. 31 & 37). The posterior limit of the frons is 
the frontal or post-frontal suture, the exact determination of which is sometimes 
difficult in these insects owing to its suppression. 

The horizontal suture sometimes seen near the posterior dorsal edge of the 
Amblyceran head (T'rimenopon, Gyropus) is probably one of the frontal sutures. 

The lines, often heavily sclerotized and consisting of internal ridges, which 
run obliquely from the side of the head above the antennae to the occipital foramen 
in Ischnocera divide the dorsum of the head into three parts;. these are very 
probably the frontal sutures in these Mallophaga (Philopterus, fig. 31) and sometimes 
in Amblycera (e.g. Colpocephalum). Occasionally these oblique sutures or ridges 
appear to run from the side of the head behind the antennal sockets, in which 
case they may be post-frontal sutures, as defined by Snodgrass (1935), seen in the 
Trichodectid head (fig. 56). However, frontal but not post-frontal sutures are 
present in Psocoptera (Badonnel, 1934), so that the former interpretation is 
probably correct. In either case it must be assumed that the median coronal 
suture, usually associated with the frontal suture, is absent in adult forms of 
Mallophaga though nymphal stages of some (Z7'rinoton) show a distinct Y-shaped 
suture on the dorsal surface, not, however, as an internal ridge but more like a 
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thin ecdysial line. More recently Snodgrass (1947) has pointed out that the 
moulting clefts of the head are represented by the coronal and frontal sutures 
(when present) of adults of insects. 


v. The parietal regions. 


The regions of the insect head behind the frontal or post-frontal sutures are 
usually called the parietals (Snodgrass, 1935), bounded posteriorly by the occipital 
sutures and sometimes separated by the median coronal suture. According to 
the same author “ each parietal area bears an antenna, one of the lateral ocelli, 
and a compound eye.... The lateral parts of the parietals beneath or behind 
the eyes are the genae”’. This description of the parietals applies exactly to the 
area of the Mallophagan head not yet discussed and on which the adductor and 
abductor muscles of the mandibles originate. This fact lends support to the inter- 
pretation of the rest of the Mallophagan head presented here. The parietal area 
has evidently extended on to the ventral side as well, due to the expansion of the 
dorsal surface and dorso-ventral flattening of the head. The eyes of Mallophaga 
have been shown by Wundrig (1936) to be reduced compound eyes; the above 
interpretation places them in the correct position similar to that of the compound 
eyes in generalized insect heads. 


2. Main Types of Mallophagan Head and Significance of Variations in Form. 
i. Amblycera. 


Apart from a few minor variations, the figure of the generalized Amblyceran 
head (fig. 47) represents most types in this superfamily, as reference to any of 
the diagrams of cleared whole mounts will show. A few examples of small 
differences will be pointed out and, on page 419, compared with interpretations 
of other authors. 

Some Amblycera (Z'rimenopon, Pragetiella, Gyropus) possess a labrum which, 
though occupying the ventral surface of the head, is very near its margin because 
the clypeus does not extend far on to the anterior ventral surface. The sub-genal 
area in Amblycera is sometimes close to the margin of the head (Gyropus, fig. 20 ; 
Trinoton, fig. 14; Pragetiella, fig. 50; T'rimenopon, fig. 26) for the same reason. 
When this is so, the region of the clypeus anterior to the sub-genal area may not be 
very extensive. 


ii. Ischnocera. 


A generalized Ischnoceran head differs little from that of a generalized Ambly- 
ceran (figs. 47 & 48), except for variations, already dealt with, caused by the 
position of the posterior tentorial pits. Nevertheless, the three types of Ischnoceran 
heads which have been given attention, the Goniodid, Trichodectid and Philopterid, 
exhibit certain minor modifications about to be considered, although the sutures 
and areas defined by the posterior pits, already described, do not differ essentially 
in any of these (Goniodes, fig. 36; Trichodectes, fig. 38; Philopterus, fig. 30). 
However, the ventral anterior regions of the clypeus and clypeo-labral suture 
show some peculiarities not found in Amblycera and which differ in the three 
types. The clypeo-labral suture (generalized Ischnoceran head, fig. 48) is a thick, 
bi-lobed pad of soft, more or less, unsclerotized cuticle, called the pulvinus by 
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Cope (1940), who thought it was a unique structure in Ischnocera. Kéler (1938), 
when describing the same structure, referred to it as a pair of soft-skinned bladders 
(physemae) which serves to clasp a hair (T'richodectes was under discussion) con- 
tained in the mouth channel so that it could not slip out. Examination of sections 
has here shown that no muscles are associated with it (Philopterus, fig. 35). It is 
here believed that this structure is the clypeo-labral suture because a curved strip 
of chitin between it and the mouth cavity has been identified as the labrum and 
the area in front of it as the clypeus. Examination, in section, of this strip of 
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Piagetiella. Dorsal view of head ; A, redrawn after Cope (1941); B, present interpretation. 


chitin has shown it to contain muscles comparable with those usually present 
in the labrum of insects. In Philopterus (fig. 35), and possibly all Ischnocera, it 
is capable of expansion by production of fluid in its lumen, when it then covers 
the pulvinus. It appears to be pulled back by contraction of the muscles (pair of 
median compressors, pair of tormal, and pair of median dorsals). Small tormae 
support the muscles which originate on the frontal region of the head. The dorsal 
pair originate on the clypeus. There can be little doubt that this structure is the 
labrum. A chitinous bar or thickening of the clypeal edge on either side of the 
pulvinus serves to support the lateral lobes of this pad; the bar is conspicuous 
in many Ischnocera (Goniodes, fig. 36). These bars have been called the marginal 
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pulvinal bars in this paper to distinguish them from the tormae ; unlike the latter, 
they bear no muscles. 


A. The Goniodid head : circumfasciate type. (Fig. 36.) 

The ventral portion of the clypeus is a broad semi-circle of chitin bounded postero- 
laterally by the clypeo-frontal node, and postero-medially by the pulvinus. The 
anterior margin of the head, where the ventral part of the clypeus bends over to be 
continuous with the dorsal clypeal area, is thickened to form a marginal circum- 
fasciate bar which carries the origins of the distal cibarial muscles. The rim of the 
clypeus which is in contact with the pulvinus is also more or less chitinized to form 
a continuous or broken semi-circle which supports the tissue of the pulvinus ; 
it is part of the clypeus. The pulvinus forms a half-circle of tissue as described 
above. 


B. The Trichodectid head. (Fig. 38.) 


If the anterior region of the Goniodid head be telescoped so that the ventral 
portion of the clypeus is completely divided by the median pulvinus and therefore 
confined to either side of the head anterior to the clypeo-frontal node, then a form 
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Anterior ventral regions of Goniodid, Trichodectid and Philopterid types of Ischnoceran heads. 


similar to a Trichodectid head results. Or, in other words, extension forwards of 
the medially situated pulvinus would produce the same effect. Fig. 51 is an 
attempt to illustrate this transformation which incidentally emphasizes the funda- 
mental similarity between these two types of head. 


C. The Philopterid head : non-circumfasciate type. (Figs. 30, 31 & 51.) 

A likeness to the Philopterid head is formed by expansion forwards of the anterior 
region of the Trichodectid head to lengthen the pulvinus and lateral part of the 
clypeus, whilst the median part of the clypeus becomes divided to form an anterior 
median chitinous plate (“clypeal signature ’’) and a posterior lateral portion 
(fig. 51). The anterior plate bears no muscles and is possibly an ante-clypeus like 


, 
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that found in Psocoptera, though restricted to the median region of the dorsal and 
ventral surfaces of the head by the lateral expansions of the true (post-) clypeus. 
It is certainly not the labrum (Cope, 1940), which has been identified behind the 
pulvinus (p. 417). 

The lateral and marginal portions of the clypeus form thick ridges on the margin 
of the head (as in the Goniodid head), upon which some of the cibarial muscles 
originate. These ridges are variously thickened to accommodate the strain of the 
cibarial muscle origins. On the ventral side of the head the clypeal margin, which 
is in contact with the pulvinus, is also variously thickened to support the latter. 
(These variations of thickening are shown in the diagrams (e.g. fig. 30, Philopterus) 
by closer or larger stipple.) 


D. Significance of variations in form of the Ischnoceran head. 

The anterior marginal bands of chitin which bound the clypeus may be entire 
(Goniodes, fig. 36); such heads are said to be circumfasciate. When the bands appear 
to be discontinuous because of the addition of the pulvinus or the ante-clypeal plate, 
the head is said to be non-circumfasciate (Philopterus, fig. 30). The plate may be a 
single structure, as in the last example, or modified by sub-division (“* double 
signature ”’) and elaboration of shape (e.g. [bidoecus). 

These modifications of the Mallophagan head appear to be adaptations to environ- 
mént (feather or hair structure). Clay (1949 b) states that genera of this type show 
* differences in character of the head framework and sutures which give support and 
mobility, and which, presumably, allow the most efficient application of the 
mandibles and of the pulvinus (sens. Cope, 1940) which serves an important 
function in feeding and holding to the particular feather structure of the host order 
concerned’. It is this part of the head which could most readily adapt itself to 
specialization. In sections of these heads no muscles could be found on the clypeal 
plate. Cibarial muscles originate on the true clypeus arranged on the dorsal surface 
and on its marginal bars of chitin. In the Goniodid head (fig. 37), therefore, a 
semi-circle of cibarial muscle origins is characteristic around the whole of 
the anterior margin of the head. In the Philopterid type (fig. 31) sub-division of 
the marginal bars of the clypeus by the ante-clypeus to form the non-circumfasciate 
head restricts these muscles to the sides of the head. In this position these muscles 
could perform their function of moving the chitinous epipharyngeal crest obliquely 
up and down just as well as in the “ circumfasciate ” position. Division of the 
clypeus to form the clypeal plate (ante-clypeus) and enlargement of the clypeo- 
labral suture to form the pulvinus (which also bears no muscles) frees this part of 
the head for modifications and increased mobility (sensu Clay, 1949 b), which would 
not therefore interfere with the function of the head muscles that require the 
support of a rigid surface supplied by the marginal clypeal bands or bars. 


3. Comparison of Interpretations. 


i, Amblycera. 


The most convenient method of comparing the interpretations of other authors is 
by reference to diagrams (figs. 49 & 50). The plan of the dorsum of the head of 
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Trimenopon given by Stowe (1943), redrawn in fig. 49, differs from that adopted 
here. A similar comparison by diagrams is also made of the analysis of the head 
of Pragetiella by Cope (1940) and the writer in fig. 50. 

The reasons for the present interpretations are embodied in this paper 
and need not be repeated in detail, but attention is drawn to a few important 
differences. 

It will be noticed that the line across the anterior dorsal region of the head, called 
the clypeo-frontal (epistomal) suture by the above authors, is here considered to be 
a dividing line between the ante-clypeus and true clypeus, such as is found in 
Psocoptera. 

The clypeo-frontal suture, as here identified, proceeds from ventrally placed 
anterior tentorial pits, and the stippled area on the head of Piagetiella (fig. 50) 
represents positions of cibarial muscles seen in sections of this louse, and is 
therefore the clypeus. The same area in T'rimenopon (fig. 49) is shown, in some 
of the figures by Stowe (1943), to bear cibarial muscle origins. 

The occipital sutures of these authors are here considered to be doubtful sutures, 
or they may be remains of frontal or post-frontal sutures. The occipital suture in 
Mallophaga has been regarded (p. 412) as fused with the hypostomal suture and is 
present on the ventral surface of the head (figs. 47 & 48). 


ii. Lschnocera. 
A. Interpretations by Cope (1940 a). 

Interpretations of the head of Harrisoniella by Cope (1940 a) and the writer are 
shown in fig. 52. The present analysis of the same head has been based on conclu- 
sions indicated in the figure of the generalized Ischnoceran head (fig. 48). 

The anterior tentorial pits were found in sections of this genus to emerge from the 
ventral side of the head close to its margin. The marginal anterior tentorial pits of 
Cope (1940 a) are here considered to be the inter-sutural depressions of the clypeo- 
frontal suture (2.e. clypeo-frontal nodes). 

In the diagram of the present analysis, the clypeo-frontal node is seen to be shorter 
than in many Ischnocera, such as Goniodes or Philopterus, so that the sub-genal area 
is comparatively near the margin of the head, as in some Amblycera, but can be made 
out in cleared mounts surrounded by the heavily sclerotized and pigmented clypeo- 
frontal and tentorial sutures. These areas were not included in Cope’s figures of this 
genus. 

Other differences of opinion which require comment concern the post-genal areas 
and the genal areas. There is a clear portion behind the posterior jaw articulation 
between the fused hypostomal and occipital sutures, as was found in Philopterus, and 
this is here considered to be the post-gena. To accept Cope’s interpretation it would 
have to be assumed that the occipital suture was simply suppressed and not fused, 
though this would indicate an extraordinary enlargement of the post-gena and wide 
separation of this suture from the post-occipital in which the posterior tentorial 
pits originate. 

The epipharynx of Cope (1940 a) was here seen in sections to contain muscles 
equivalent to a normal labrum (fig. 53), The labrum of Cope bears no muscles, and 
is considered here to be homologous to the ante-clypeus of Philopterus (clypeal 
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signature). The pulvinus is the enlarged clypeo-labral suture, an interpretation 
which Cope dismissed because of his misidentification of the labrum. 

Sections indicate that the posterior tentorial arms are linked by a bridge which is 
rather more chitinized than in other Ischnocera examined, though it may be 


Fig. 52. 
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Harrisoniella. Dorsal and ventral views of head. A, redrawn after Cope (1940) ; 
B, present interpretation. 


difficult to detect in dissections. There is a very strong ligament (fig. 53) suspended 
from the bridge to the median portion of the posterior face of the large sitophore, as 
in other Ischnocera and Amblycera. 
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Cope presumably found cibarial muscle origins, and the clypeal area of the 
two interpretations is the same because of this, and because the positions of the 
anterior pits in both interpretations, though essentially different, are not very far 
removed from one another. 


Fig. 53. 
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Harrisoniella sp. Part of median longitudinal section of head to show tentorial bridge and 
tentorio-hypopharyngeal ligament. 


B. Interpretations by Kéler. 


Kéler (1938) describes the head of T'richodectes melis Fabricius for taxonomic 
purposes, and attempts to find homologies with the structures of an Orthopteran 
head (Acheta campestris Linnaeus). He states that a tentorium suspended as a 
framework in the lumen of the head is completely absent in all Mallophaga, and 
presumes, therefore, that it has fused with the head capsule. Simplification of his 
descriptions of how this fusion accounts for the chitinized ridges on the Trichodectid 
head is obtained by comparison of fig. 54 of the head of Acheta and fig. 55 of the 
Trichodectid head, both redrawn from his figures. On fig. 54 of Acheta the stippled 
areas marked “ Y ” represent the zygoma, ‘‘ X ” the phyle, and “ Z”’ the trense 
on the Trichodectid head and have been added by the writer to assist understanding 
of Kéler’s deductions. Fig. 56 represents the present interpretation of the 
Trichodectid head. . This does not suppose that the tentorium has fused with the 
head capsule because true anterior tentorial arms and a complete posterior tentorium 
have been found within the head lumen. Explanations have already been given for 
all the identifications indicated in this diagram, and need not be repeated. A table 
on pp. 424 and 425 compares the two interpretations. 
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Fig. 54. 
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Acheta campestris Linnaeus. Part of head and tentorium redrawn after Kéler (1938) ; 
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Fig. 56. 
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Trichodectid head : present interpretation. 


Ventral side of the head. 


Keéler’s interpretation. Present interpretation. 


Tentorium fused with the head capsule. Tentorium not fused with the head capsule. 


Remnant of dorsal arm. No dorsal arm. 
No anterior tentorial arms free in the head. Short anterior arms attached to the dorsum of 


the head. 


Tentorial bridge across the head between the 
posterior pits. 


No tentorial bridge in lumen of the head. 


Tentorial node. 


Nodal part of the clypeo-frontal suture. 


Ventral part of clypeus and clypeolus. Pulvinus or clypeo-labral suture. 

Mouth ridge or choma, gena, genal cavity and | Ventral part of clypeus. 
post-gena. 

Phyle. Part of tentorial suture. 


Zygoma. Part of clypeus. 


Mandibular arch or bogen. Pleurostomal suture. 


Trense. Hypostomal and occipital sutures fused. 
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part of neck membrane. 
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Dorsal side of the head. 


Keéler’s interpretation. Present interpretation. 
L Wpistoma) face and frons. Clypeus. 
Tentorial node. Nodal part of clypeo-frontal suture. 
Vertex. Frons. 
Bridle or lora. Possibly the frontal suture. 


Kéler (1939) also described the Goniodid head ; the tentorial arrangements were 
considered to be similar to those in T'richodectes. It is not necessary to discuss the 
two interpretations of the Goniodid head, since each is fundamentally similar to the 
corresponding ones for the Trichodectid head ; figures (57 & 58) are, however, 
given in summary of these analyses. 
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In the communication already referred to (received on April 5, 1950), Dr. Kéler 
states that he has revised his previous (1938, 1939) analysis of the Ischnoceran 
head and includes in his letter the following points. 

Those which agree with the present interpretation may be stated first, namely 

(a) the areas designated previously as gena and genal cavity are now 
considered to be of clypeal origin, 

(b) the trense to be the hypostoma, 

(c) the mandibular arch to be the pleurostoma, 

(d) the zygoma to be part of the clypeus, and 

(e) the bridle or lora to be the frontal or post-frontal suture in all probability. 
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Fig. 58. 
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Goniodid head : present interpretation. 


Fig. 59. 


Laemobothrion percnoptert (Gervais). Transverse seria] sections of lacinia and gland; c, chitinous 


intima ; h, hypopharynx ; I, lacinia ; |.a., lacinial gland ; l.ap., lacinial apodeme ; m, muscles 
of lacinia. 
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The lacinia and gland of species of Laemobothrion, Philopterus, and Goniodes reconstructed from serial 
sections and drawn as though viewed from the ventral aspect ; the lacinial apodeme is internal 
to the gland and the muscles external (see fig. 59). h, hypopharynx ; 


1, lacinia ; 1.a., lacinial 
gland ; lLap., lacinial apodeme ; m, muscles of lacinia. 


428° SAIDA SYMMONS 


Kéler claims that his former interpretation of the anterior limit of the frons is 
correct (differs from the interpretation in this study) but that the posterior limit is 
much farther back on the head, so that the vertex is completely displaced (agrees 
with the present interpretation). The extent of the clypeal areas on the dorsum of 
the head still remains at variance, however, in the two interpretations. 

The nodal area is now considered by Kéler to represent remains of the clypeo- 
frontal and frontal sutures together. It is here regarded as the lateral portion of 
the clypeo-frontal suture only. 

Kéler’s published interpretation of the tentorium is presumably adhered to, since 
he states in his communication that the rudiments of the tentorial arms remain 
the same as in his former works (1938, 1939). 

The tentorial arms, which Kéler (1938) calls the dorsal arms, have been shown to 
be anterior arms (p. 390). A complete bridge has been discovered in many Ischno- 
cera, so that Kéler’s present interpretation of the tentorium differs essentially 
from that presented here. 


VIII. Discusston : PHYLOGENETIC SIGNIFICANCE OF TENTORIAL Form. 


(Table I.) 


The fundamental similarities between the heads of all Mallophaga, evident from 
the fact that a generalized plan could be made, rules out the possibility of external 
form offering any phylogenetic significance applicable to main groups within the 
suborder. Variations which occur are of a detailed nature valuable for taxonomic 
purposes relating to the lower categories. The inadvisability of using modifications 
of mouth-parts and external cranial structure for phylogenetic studies, because of 
their adaptability to environment and feeding habits of the lice, has been put for- 
ward by Clay (1949 a, 1949 b). However, the possibility that tentorial form in 
Mallophaga and related insects may have meaning in this connection was suggested 
by the following observations made during the present study ; variations of tentorial 
form occur which 

i. exhibit progressive reduction of parts and sclerotization from one extreme 
(complete form) to the other (total absence), 
li, are separable into distinct types, 

iii. are most different in genera known to be distantly related (7.e. between 

suborders and superfamilies), 

iv. are most similar in genera known to be closely related, 

v. show no parallel sequence within groups known to be unrelated. 


The range of tentorial variation is wide, but series within it are limited to one 
different type in each of Psocoptera, Ischnocera, Rhyncophthirina, and Anoplura, 
and at least five in Amblycera, and, consequently, cannot be applied to relationships 
below superfamily rank in Psocoidea and family rank in Amblycera. 

An attempt is made to define the order of derivation of the higher groups of 
Psocoidea as suggested by degree of reduction of the tentorium, and the ancestry 
of some of the lower categories by reference to more detailed comparisons of tentorial 
form. It should be possible to compare these deductions with others derived from 
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different morphological characteristics and, more fundamentally perhaps, by 
comparison with those based on ecological and biological studies (e.g. host- 
associations, Hopkins, 1949), since no comparative embryological investigations 
have been made. 


1. Relationships of Amblycera. 


The Amblycera have long been regarded as the most primitive of Mallophaga. 
Moreover, they are so like Psocoptera that, as Hopkins (1949) reasserts, “‘ there can 
be little doubt that the original Mallophaga were amblycerous”’. Two morpho- 
logical characteristics have come to light during this investigation which place the 
Mallophaga in a very primitive position among Pterygota, namely, the position of 
the anterior tentorial pits in the pleurostomal part of the sub-genal sutures (tentorial 
sutures) in all Mallophaga, and, in Psocoptera and Amblycera, retention of a muscle 
homologized with the tensory ligament found by Denis (1928) in Collembola 
(Apterygota). -The Ischnocera do not possess such a muscle ; these facts support 
the view quoted above that Amblycera are most like the ancestral forms of 
Mallophaga. 

Again, examination of tentorial form alone suggests that Amblycera are 
more primitive than Ischnocera. The tentorium of some Amblycera, such as 
Colpocephalum, Ancistrona, Menopon, Menacanthus and Myrsidea, are all alike and 
similar to those of Psocoptera (except for absence of dorsal arms). The retention 
of dorsal arms in Psocoptera places them in a more primitive position phylo- 
genetically than Amblycera and other Mallophaga. 

The species of Amblycera, cited above, all belong to the family Menoponidae 
(parasites of birds), and their tentorial form is closer to that of Psocoptera than 
any other type in the Amblycera examined, which suggests that this is the most 
primitive family of this superfamily. 

The tentorial forms in Amblycera are not all as primitiveas the ones just discussed. 
Many have undergone modifications by reduction in size and sclerotization. The 
greatest degree of reduction is manifested by the presence of a ligamentous bridge 
instead of a well chitinized bar, and weak anterior tentorial arms which are 
sclorotized only in their anterior parts for the attachment of the antennal muscles. 
This form is found in the Boopidae (probably primary parasites of marsupials 
(Hopkins, 1949)). This type of tentorium is the nearest approach in Amblycera to 
the Ischnoceran type, where the bridge is similar but the anterior portions alone 
of the anterior arms remain. From this point of view the Boopidae appear to be 
the least primitive of the Amblycera examined. 

The tentorium of the family Gyropidae (parasites of rodents) is somewhat 
similar to those of the family Boopidae in that the bridge is a ligament and the 
posterior arms comparatively long. They differ from Boopidae, however, in having 
anterior arms completely sclerotized along their whole length. Sufficient evidence 
was not obtained (cleared specimens only examined) to ascertain whether the ten- 
torium of Trimenopon (family Trimenoponidae ; primary parasites of marsupials ; 
Hopkins, 1949) was more like that of Boopidae or Gyropidae. Descriptions given 
by Stéwe (1943), who examined sections, would indicate that the posterior parts of 
the anterior arms are extremely delicate and therefore like the Boopidae. Hopkins 
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(1949) does not believe (on morphological and _ biological evidenec of host- 
associations) that the Trimenoponidae have as close a relationship with the 
Gyropidae as they have with the Boopidae, and the foregoing characteristics seem 
to support this view. 

Evidence from tentorial form at least suggests that the Trimenoponidae, 
Gyropidae, and Boopidae are less primitive than many of the bird Amblycera, and 
that the Boopidae are the least primitive of the three families since their tentorium 
is most like that of the Ischnocera. 

Of the other Amblycera, grouped according to tentorial form, the likeness of 
Ricinus and Laemobothrion types conforms to the possibility of their close relation- 
ship based on other evidence. The tentorium is not only indistinguishable in the 
two but also unlike that of any other Amblycera examined. This implies that they 
are closely related but divergent from other members of the superfamily. This 
supports the suggestion of Hopkins (1942) that Ricinus and Laemobothrion “ are the 
relics of an unsuccessful family of Mallophaga which formerly had a very wide 
distribution on many orders of birds and has now. become extinct on most of the 
groups on which it occurred’, so that now these lice have a “ highly sporadic 
distribution ”’ in orders of birds which are not closely related. 

Trinoton and Piagetiella also have tentoria which are similar, and the most 
primitive of Amblycera examined, except the Colpocephaluwm group (Menoponidae), 
for the bridge, though well developed, is not sclerotized. 

Thus there is a gradation of tentorial forms in Amblycera not found elsewhere in 
the Mallophaga, from those (Menoponidae, exclusively bird parasites) extremely 
like Psocoptera (apart from loss of the dorsal arms) to those closely similar to the 
Ischnoceran type (Boopidae). This evidence points to the origin of Mallophaga 
(as Proto-Menoponidae) on birds, and indicates that the individual groups within 
the Amblycera may not be themselves closely related. 


2. Relationships of Ischnocera. : 

In contrast to Amblycera the tentorial forms of all the Ischnocera are strikingly 
alike, a uniformity which suggests close relationships amongst its individual 
members. 

However, the Trichodectidae exhibit, in the retention of the mandibulo- 
hypopharyngeal muscle and origin of all the antennal muscles upon the anterior 
tentorial arms, features which are more primitive than those found in other Ischno- 
cera (having no mandibulo-hypopharyngeal muscle and some antennal muscles 
secondarily originating on the head). The common ancestor of the Ischnocera was, 
therefore, probably more like the Trichodectidae than other Ischnocera. 

On the other hand, the evidence of spiracular structure (Webb, 1945), especially 
the structure of the gland, suggests that the Trichodectidae, with a more complicated 
form, is not so near the ancestral Mallophaga as the Philopteridae, with the simpler 
gland. 

Hopkins (1949), however, strongly suspects that the Trichodectidae “ are 
relatively unchanged descendants of the common ancestor of the Ischnocera, 
Ryhncophthirina, and Anoplura’”’. The comparatively primitive muscle arrange- 
ments referred to in the Trichodectidae certainly indicate not only that this 
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group of Mallophaga is possibly nearer to the Amblycera, but also that they are 
** relatively unchanged descendants ”’ (Hopkins, 1949). 

If the form of the tentorium has any real phylogenetic significance at all, the 
ancestor of the Trichodectidae was probably more like the Boopidae (members of 
which have a tentorium approaching most closely in form to that of Ischnocera) 
than any other Amblyceran now known. But the derivation must have been a 
very early one to account for the many cephalic features of the Ischnocera that are 
quite distinct from any Amblycera. In particular, the distinctive but uniform 
tentorium, the presence of the partly formed obturaculum, the absence of ventral 
prothoracic muscles (in Amblycera, Laemobothrion is an exception, p. 378), origin of 
the adductor stipital muscles on the dorsum of the head, lack of the muscle equiva- 
lent to the ligament of Denis, may be cited, all of which must be less primitive 
arrangements than those in Amblycera, in which they are similar to the Psocoptera. 


3. Relationships of Anoplura. 

Webb (1945) found that the possession of a spiracular gland was common to 
both Ischnocera and Anoplura, but that Amblycera were devoid of one, which 
indicates that the former groups share a common origin. The spiracular gland 
of the Trichodectidae was found to be less simple than that of the Philop- 
teridae, and almost exactly like that of Anoplura. It appears from this that 
the Anoplura branched off from extinct Trichodectid-like forms of Ischnocera. 
Hopkins (1949) holds the same belief on different morphological evidence ; 
gonapophyses in the female lice are found in Rhyncophthirina, Anoplura and 
Trichodectidae, but are absent in all other Ischnocera (except Osculotes) and 
Amblycera. 

Results of the present investigation provide additional evidence in support of the 
above views. The Ischnocera are the only group of Mallophaga to show a detect- 
able increase in fibrous connective tissue around the head ganglia. _It is evident in 
Rhyncophthirina, as well as in Anoplura; in the latter it is further developed 
to form a distinct cupulate plug of tissue (the obturaculum) within the head, and 
has undertaken the function of supporting the origins of the muscles of the trophic 
stylets ; its function in the Ischnocera is obscure. The greater development in 
Anoplura points to the fact that these lice are the least primitive of the groups 
_ possessing this structural peculiarity. Though there was no detectable difference 
in degree of development of this tissue in the Philopteridae, Goniodidae, or 
Trichodectidae to suggest their order of derivation based on this structure, 
nevertheless, its presence in Anoplura and Rhyncophthirina as well supports the 
probability of their common origin. 

The Anoplura possess a mandibulo-hypopharyngeal muscle as do_ the 
Trichodectidae, which supports the Trichodectid origin for the Anoplura. There is 
the possibility that this muscle occurs sporadically in insects (Badonnel, 1934), 
including the Orthoptera, so that further investigation in other orders is necessary 
before its phylogenetic value can be ascertained. 


4. Relationships of Rhyncophthirina. 
The origin of this group of Phthiraptera has been in doubt, but the possession of 


gonapophyses by the female lice, in common with Anoplura and Trichodectidae, 
dL 2 
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strongly suggests to Hopkins (1949) their close relationships with these groups. 
The tentorium of Rhyncophthirina is the least developed of those in other 
Phthiraptera which possess a tentorium. Posterior pits alone remain, whereas 
there is no tentorium in Anoplura. Rhyncophthirina would appear then to be more 
primitive than Anoplura but less so than Ischnocera. It must be assumed, however, 
that these variations did not occur separately in Rhyncophthirina and Anoplura 
if these deductions are valid. 

A lacinial gland (p. 408) was found in all Mallophaga except Rhyncophthirina, 
which, if it were not lost independently, suggests that the latter group is not 
so closely related to the former as to Anoplura, in which no gland of similar 


TABLE I. 


HPSOCOPTERA 


G A |ANOPLURA 


RHYNCO- 
M B L Y E RA |ISCHNOCERA I|pHTHIRINA| 


Trinoton Ricinus Trimenoponidae Tricho-| Philopt- 
Menoponidae Piagetiella |Laemobothrion Gyropidae } Boopidae |decdidae| eridae 
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Table to show the possible derivation of Psocoidea based on tentorial form. 


histological nature could be found (the gland of Pawlowsky (Florence, 1921 ; 
Stojanovich, 1945) does not appear to be homologous to the gland discovered here 
connected to the lacinia in Mallophaga). 

A summary of the foregoing facts relating to the suggested derivation of the 
Phthiraptera based on tentorial form is tabulated in Table I. In laying so much 
stress on one morphological character there is real danger of arriving at erroneous 
phylogenetic conclusions. The foregoing arguments, however, have been given 
with this reservation in mind; it is hoped, nevertheless, that they may be of 
practical use when weighed against other evidence which may come forward in the 
future. 
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IX. SumMaARY. 


1. The construction of a generalized Mallophagan head, by which main types 
within the suborder may be interpreted, is preceded by a description of a generalized 
insect head and tentorium to introduce terminology and emphasize the importance 
of tentorial pits as “‘ landmarks ” on the cranium. 

2. i. A description is given of the internal skeleton or tentorium of Psocoidea. 
Nine distinct modifications (including total absence) are found to exist in species 
representing 36 Mallophagan genera and typical genera of Psocoptera and Anoplura. 
The species examined are listed (pp. 351 & 352). 

ii, A tentorium is present in all Mallophaga ; it is complete (apart from dorsal 
arms) and variably developed in Amblycera ; incomplete, though comparatively 
uniform, in Ischnocera. A bridge is present in Amblycera and Ischnocera, but only 
posterior pits remain in Rhyncophthirina. There is no trace of a tentorium in 
Anoplura. Variations of tentorial form consist mainly of reduction and loss of 
sclerotization. 

iii. Anterior tentorial pits in Psocoptera and Mallophaga arise in the pleurostomal 
part of the sub-genal suture (primitive position, common in lower Pterygota), not 
the clypeo-frontal suture (less primitive, characteristic of the majority of Pterygota). 

iv. The ventral position of the anterior tentorial pits in Mallophaga is attributed 
mainly to dorso-ventral flattening of the head. 

y. A ligament attached to the anterior tentorial arm and innervated by theclypeal 
nerve has been found in Mallophaga and is called the clypeal ligament; its origin on 
the dorsum of the head appears to represent a point on the posterior limit of the 
clypeus; in Ischnocera it serves to attach the anterior arms, which are disconnected 
from the rest of the tentorium, to the dorsum of the head. Reasons are given to show 
that these anterior arms are not true dorsal tentorial arms. 

A muscle, homologized with the ligament of Denis (1928) present in apterygote 
Collembola, is described, in Amblyceran Psocoidea only. 

vi. Tentorial variations and distribution of muscles and ligaments of the 
Psocoidean head are summarized (p. 402). 

3. An account of the obturaculum (sensu Stojanovich, 1945) of Anoplura, on which 
muscles of the trophic stylets originate, is given, since its appearance may relate to 
loss of the tentorium in these insects. Further, it may be homologous with fibrous 
tissue surrounding the head ganglia of Ischnocera and Rhyncophthirina which is 
unusually well developed compared with Psocoptera, Amblycera (and other insects) 
and may therefore have phylogenetic value. 

4. A lacinial gland is described; it is structurally similar and equally well 
developed in Amblycera and Ischnocera in spite of variations in other trophic 
structures, but absent in other Psocoidea. 

5. i. Examination of various types of Mallophagan head yielded data which, 
together with those of the positions of tentorial pits and nature of the sclerotized 
bars or sutures, have enabled a generalized Amblyceran and Ischnoceran form to be 
built up by progressive steps from a primitive hypognathous insect head. ‘This 
has suggested that the sutures and areas of the Mallophagan head can be homologized 
with those of a typical insect head. 
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ii. The Ischnoceran form differs from the Amblyceran only in modifications 
relating to the position of the posterior tentorial pits, extension of the anterior 
region of the head and enlargement of the clypeo-labral suture to form a pad of 
tissue (the pulvinus of Cope, 1940). 

iii. The majority of Amblyceran heads depart little from the generalized form. 

iv. Modification of the pulvinus and division of the clypeus (Philopteridae) 
to form a chitinous plate (“‘ clypeal signature ”’, homologized with an ante-clypeus) 
contribute to the differences between the Goniodid, Trichodectid and Philopterid 
Ischnoceran heads which are all otherwise fundamentally similar to the generalized 
form. 

v. Comparisons are made, chiefly by means of diagrams (figs. 56-60) of other 
interpretations of the Mallophagan head; MHarrisoniella by Cope (1940), and 
Trichodectes and Goniodes by Kéler (1938, 1939). 

6. i. The phylogenetic significance of tentorial form is discussed, bearing in mind 
the inadvisability of putting too much importance on deductions based on 
comparisons of one morphological character. 

Though structural variations are apparently caused by reduction, migration, or 
loss of muscles associated with the tentorium, they do not appear to be correlated 
with modifications of mouth-parts induced by different feeding habits. Distinct 
types of tentorial form exhibit progressive reduction throughout the Psocoidea. 
The tentorium is almost identical in lice known (on other morphological char- 
acteristics) to be closely related but becomes markedly different in genera of more 
remote ancestry. No parallel sequence of tentorial modifications was detected 
within the groups of lice examined. An attempt is made to use tentorial form as a 
guide to the possible derivation of Psocoidean orders (summarized in Table [), 
assuming that reduction and loss have not taken place independently in 
Rhyncophthirina and Anoplura. 

ii. The position of the tentorial pits and retention of the muscle in Amblycera 
equivalent to the tensory ligament of Denis (1938) in Collembola is characteristic of 
primitive Pterygota, such as Psocoptera, and thus suggests that Mallophaga are 
survivors from a very primitive insect group. 

iii. Degree of development of the tentorium indicates that the evolutionary 
sequence of members of the Psocoidea may be: order Psocoptera, and then, of the 
order Phthiraptera, the superfamilies Amblycera, Ischnocera (with Trichodectidae 
more primitive than Philopteridae), Rhyncophthirina and, least primitive of all, 
Anoplura. 

iv. Comparisons of arrangement and occurrence of muscles in the head of 
Mallophaga and Anoplura indicate a close relationship between Anoplura and 
Rhyncophthirina, and that they are probably descendants of an ancestor common 
also to Trichodectidae (rather than Philopteridae) of the Ischnocera. Muscle 
arrangements in the head of Trichodectidae are thought to be more primitive than 
those in Philopteridae. 

v. The more than usually well-developed fibrous tissue around the head ganglia 
of Ischnocera and Rhyncophthirina, and its still further development (obturaculum) — 
in Anoplura, supports the view that these groups share a common origin. If loss 
of the lacinial gland, which is described in all other Mallophaga, did not take place 
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independently in Anoplura and Rhyncophthirina, then the two latter groups may 
be more closely related to each other than either is to Ischnocera. 

Retention of posterior tentorial pits in Rhyncophthirina indicates that the 
surviving genus of this group is possibly more primitive than extant Anoplura in 
which no trace of a tentorium remains. 

vi. Since tentorial structure in Ischnocera is uniform in all species examined, and 
distinct from Amblycera, in which many variations occur, all members of the former 
superfamily are themselves more closely related than individuals within the other 
superfamily are to one another. 

vii. The foregoing conclusions are thought to be, in the main, consistent with 
extant views of Mallophagan phyletics. It is believed, however, that the following 
suggestions arising out of the present work on the morphology of the head have not 
been put forward before, (a) Ischnoceran ancestors may have been derived from 
some Boopid-like form, (b), the Boopidae and related families (Gyropidae and 
Trimenoponidae) are less primitive than most of the bird Amblycera. Further 
evidence has appeared which seems to link the Rhyncophthirina closer to Anoplura 
than Ischnocera in a position between these two groups, if it be assumed that the 
characters taken into account in these assumptions were not developed along 
independent lines. 
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HistoricaL INTRODUCTION. 


There are relatively few descriptions of the reproductive organs of the Pinnipedia ; 
the following is a summary of the most important papers. 

Engle (1926), discussing the reproductive tract in the male, quotes some details 
of the secretory glands given by Murie (1874) in the Walrus and the Falkland 
Sea-lion, and by Oudemans (1892) in the Common Seal. Murie (1874), and 
Hamilton (1934) describe the os penis of the Falkland Sea-lion, and the latter 
gives a description of the changes that accompany ageing, and their value in 
assessing the age of an animal. Hamilton (1939 a) gives similar information for 
the Leopard Seal. Scheffer (1950) describes three age groups in the Northern 
Fur-seal on the basis of the gross development of the testes and the os penis. 

Hamilton describes the whole reproductive tract of the female in the Falkland 
Sea-lion (1934, 1939 b) and that of a young virgin Leopard Seal (1939 a); in 
the former he describes the changes occurring during pregnancy. Enders, Pearson 
VOL. XXVII.—PaRT Vv. No. 1.—1952. 3M 
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& Pearson (1946) give an account of some of the changes in the reproductive 
organs of the northern species. The occasional occurrence of an os clitoridis in 
the Common Seal is noted by Scheffer (1949). 


Testes. 


Several authors have given details of the changes in size and weights of the 
testes at different ages and seasons, but little has been recorded of the microscopical 
changes that occur. Hamilton (1939 b) describes the gross changes in the 
Falkland Sea-lion, Sivertsen (1941) in the Harp Seal, and Scheffer (1950) in 
the Northern Fur-seal. Hamilton (1939 b) concludes, from the microscopical 
appearance in the testes of the Falkland Sea-lion, that “there is no clearly 
marked anoestrous period, but immediately after the breeding season, there may 
be a time of more or less complete azoospermy, depending on the recent 
history of the individual”. Presumably he means that the quality and quantity 
of spermatozoa depend on the frequency of copulation. 

Bertram (1940), speaking of the Weddell Seal, maintains that there is a period 
of about a month (November) in which ripe sperm are present in large numbers, 
but that soon after this they disappear. A similar state seems to exist in the 
Crabeater: “In October and November, plenty of sperm was available ” 
(Bertram, 1940). 

Chapsky (1936) maintains that in the Walrus there is some evidence of cyclical 
activity in the testis. 

Cryptorchidism is recorded in Northern Fur-seals (Scheffer, 1950) and in the 
animals suffering from this condition the testes are considerably smaller than in 
those of a similar age, but no details are given of spermatogenesis. 


Ovaries. 


The gross structure of the ovary and its changes in size with age are given for 
the Falkland Sea-lion and the Leopard Seal by Hamilton (1934, 1939 a). 
Bertram (1940) emphasizes the presumed value of the corpora lutea in assessing 
the age of the Weddell and Crabeater Seals. 

Subsurface crypts, oogenesis and the corpus luteum in the ovaries of the Weddell, 
‘Crabeater and Leopard Seals are described by Matthews & Harrison (1949) and 
Harrison (1950) ; these authors have since found sub-surface crypts in the ovaries 
of the Falkland Sea-lion, and the Common and Grey Seals (Harrison & Matthews, 
1950). 


Copulation. 


Copulation may occur on land, in water, or, with some species, in both places. 
The place of copulation seems to bear an important part in the social organization 
of the Pinnipedia. Those seals which copulate exclusively on land maintain the 
harem system, and are polygamous, but those which always copulate in the water 
are possibly monogamous, although little information is available about them. 
Nutting (1891), in his paper on “Some of the causes and results of polygamy 
among the Pinnipedia ’’, maintains that the disparity in size between the sexes 
decides whether a species is polygamous or not. As an example, he says that 
the Walrus, in which there is practically no difference in size between the sexes, 
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is strictly monogamous, whereas the Northern Fur-seal, in which there is great 


disparity, is highly polygamous. Both Allen (1880) and Elliott (1881), however, 
state that the Northern Fur-seal will copulate in the water. Bertram (1940) 
says: ‘“ Copulation normally taking place on land is stressed as being the keystone 
of the polygamous system among Pinnipedia. Once the animals become so 
aquatically adapted that copulation can easily occur in water, the harem system 
must disintegrate. The Elephant seal is the only truly polygamous phocid, and 
it is the only phocid that always copulates on land rather than in the water.” 
The last statement is incorrect because the Grey Seal also is polygamous as we can 
confirm from repeated personal observations. 

Among the seals which usually copulate on the land are the Falkland 
Sea-lion (Hamilton), Steller’s Sea-lion (Bertram), and the Southern Elephant-seal 
(Matthews) ; those which may copulate on land or in the water are the Northern 
Fur-seal (Allen, Elhott) and the Atlantic Grey Seal. Collett (1881) is mistaken 
in stating that in the Grey Seal copulation only takes place in the water. The 
Common, Leopard, Crabeater and Weddell Seals probably copulate only in the 
water, but information about the last three is indefinite. 

Wild (1923) describes seeing a Leopard Seal on February 9 leaping completely 
out of the water and suggests that this may have been part of the breeding 
behaviour. At Hope Bay, Graham Land, on December 1, 1947, a Leopard Seal 
of unknown sex was seen to leap completely out of*the water five or six times in - 
rapid succession. Although this occurred alongside an ice floe, the seal made no 
attempt to haul out onto it, although it could have done so with ease. There 
was another Leopard Seal, a female, which was subsequently killed, about a 
quarter of a mile away, but at no time were the two seals seen together. Sivertsen 
(1941) describes a similar leaping behaviour in the male Harp Seal which was 
followed by copulation in the water beside an ice-floe. 

Hamilton (1939 a) considers January and February the months of mating for 
the Leopard Seal. But a prolonged mating season is suggested by evidence 
deduced from the varying sizes of the foetuses. The behaviour seen on the dates 
given above, December 1 and February 9, if of any sexual meaning, would support 
this. 


Gestation. 

In some species the time of copulation has not been observed, and it is therefore 
possible only by deduction to assess the length of gestation. It is of interest that 
all the Pinnipedia have a comparatively long period of gestation, and that 
copulation follows soon after parturition, occurring in the spring or early summer 
of both hemispheres, except in the Grey Seal which pups in the autumn. In order 
that pupping may occur at about the same time each year, the interval between 
parturition and copulation added to the time of gestation must be 365 days. 
Hamilton (1934) gives eight days as the time between the latest live birth and 
latest impregnation for the Falkland Sea-lion ; the period of gestation is therefore 
just under a year. If the cycle takes more than one year, the date of parturition 
will be progressively later in successive years, until the female will not be 
fertilized, all bulls being in a state of sexual inactivity, or there will be a gradual 
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advance of the breeding time. Neither of these alternatives is known to occur, 
but there is considerable variation in the length of gestation for Matthews (1929) 
found that the pupping season for the Elephant-seal lasts for six weeks or more 
(last week of August to beginning of October) and that the last pups to be born 
are those of young uniparous mothers who were probably impregnated late in 
the previous season; Hamilton (1947), too, says that “In South Georgia seals 
(elephant) are hauling up. for breeding rather later than they did at one time. 
In 1943 seals did not haul up in large numbers until late October. Pups were 
still being born in mid-November”. This delay may possibly be due to weather 
conditions preventing an earlier arrival. Certainly the time of parturition in the 
Harp Seal ranges over two and a half months (Sivertsen, 1941), and this is probably 
true of other species. A point of interest is that Hamilton (1939 b) maintains 
that Otaria byronia is sexually active all the year round, although the breeding 
season is restricted to a limited period. 

The time of parturition for members of the same species varies with the latitude 
of the breeding grounds, being later in higher latitudes. Lindsey (1937) showed 
that Weddell Seals in the South Orkneys (approx. lat. 61° 8.) pup during the last 
days of August (Brown, 1913) and in the Ross Sea (approx. lat. 77° 50 8S.) they 
pup at the earliest on October 22 (Wilson, 1907). 

A wide spread of the length of gestation in a species may be caused by a variation 
in the length of the delay in implantation. 


Sex Ratios. 


Figures for the sex ratio in seals have been obtained mainly from adults killed 
over 4 period. Bertram (1940 gives a ratio of 92 males to 109 females (84°4 : 100) 
for Weddell Seals killed without selection for sex in Graham Land. One of us, 
over a period of one year in northern Graham Land recorded 18 males to 23 females 
(78°3: 100). For the Crabeater, Bertram (1940) gives 86 males to 79 females 
(108-6: 100). Our figures were 19 males to 27 females (70°4: 100), and for 
Leopard Seals, 3 males to 12 females (25 : 100). 

These figures are probably not the true sex ratios. Bertram gives some figures 
for Weddell Seal pups ; in one year the ratio was 10 males to 7 females (142°9 : 100), 
a value very different from that given for the adult. Sivertsen (1941) gives the 
sex ratio in Harp Seal pups for a period of ten years as 53 males to 47 females. 


Delayed implantation. 


Although the time of ovulation and fertilization is fairly well established in 
several of the species, the developing embryo a few months after the time of 
mating has been found to be much smaller than was expected. In many cases, 
females have been recorded as sterile because the very small embryo has not 
been found. Two Weddell Seals killed in February in northern Graham Land 
contained embryos at early somite stages, and yet the breeding season in this 
area is October and November; there was thus some apparent delay in 
implantation. Bertram (1940) says: “The first ovaries to show a corpus 
luteum of the new season were taken in the last few days of November.... The 
smallest embryos were becoming visible at the beginning of January.... In the 
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Hooded Seal copulation takes place in the water at once after or during lactation. 
Yet the embryo is not easily visible until three months later, though a new corpus 
luteum, but of small size, is present throughout this period. (Host, private 
communication.) ”’. 

Nansen (1925), in speaking of the Harp Seal, states: ‘It appears probable 
that there must be a kind of pause in the development of the embryo during the 
first period ”’. 

In Fur-seals, Enders, Pearson & Pearson (1946) have found unimplanted 
blastocysts which were not more than two to three weeks old, but have not examined 
specimens taken later in the season which would give the length of the delay. 
They state that “the seal blastocyst, because of its thick zona pellucida and 
general similarity to the blastocyst of other animals in which delayed implantation 
occurs, would appear to be capable of a long, unattached life ”’. 

Rankin (1951) found a 38 mm. embryo in a Leopard Seal on March 13th, and 
the large size of this embryo suggests that there is either only a short period of 
delay or none at all, because the date of copulation is believed to occur during 
December to February. 

In the Walrus there appears to be no delay in implantation. According to 
Collins (1940) breeding takes place in June and early July, and embryos from 
one inch to five inches in length have been recovered about July 13. 


Parturition. 

Most seals haul out of the sea onto either the land or the ice a few days before 
pupping, and the actual birth of the pups takes place rapidly. Sivertsen (1941) 
observed parturition in the Harp Seal; he says: “It lay on its belly, moaned 
and twisted. ... Suddenly it lifts its abdomen up from the ice, sprawls with the 
hind flippers, and the cub is born”. The umbilical cord broke, probably owing 
to some sudden movement of the mother towards the pup ; one pup was observed 
to be dragging its placenta with it. Parturition in the Elephant and Grey Seals 
is similar. It is unlikely that the placenta is eaten by any seal, and it is certain 
that it is not eaten by the Grey Seal or Elephant Seal, nor, according to Bertram, 
by the Weddell or Crabeater Seals. 


Placentation. 

The placenta of the Grey Seal was examined by Turner (1876) who stated that 
it is zonary and appears to show no important differences from that of a carnivore 
such as the dog. Van den Broek (1904) described the foetal membranes of the 
Common Seal, and Davies (1950) examined eight pregnant uteri from Weddell 
Seals containing embryos ranging from under 6 mm. to 180 mm. in length. The 
full-term Weddell Seal placenta is twelve inches wide (Bertram, 1940). 


Lactation. 

All the Pinnipedia possess two mammary glands which lie flush with the surface 
of the ventral abdominal wall. Wilson (1907), writing of the Weddell Seal, states 
that ‘‘ She exposes two nipples in the abdominal region, which, though hardly 
visible when not in use, are erectile organs which become prominent when the 
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young is sucking i: Young Grey Seals are clumsy in finding the nipples, and the 
mother repeatedly has to move herself or the pup’s head until it finds them; 
the nipple is then drawn out by the pup’s sucking. The duration of lactation 
varies considerably, from two to three weeks in the Grey Seal to eighteen months 
in the Atlantic Walrus (Chapsky, 1936). Lactation in the Falkland Sea-lion 
appears to vary considerably and may last until the next pup is born, that is up 
to one year (Hamilton), whilst at the other end of the scale “ the precocious 
moult and entry of the water by the Crabeater strongly suggests a shorter 
lactation period than in the Weddell, possibly one to two weeks”. (Bertram, 
1940.) The Weddell Seal, according to Lindsey (1937), has an average lactation 
period of 50°3 days. 

At the beginning of lactation in the Weddell Seal the mother remains ashore 
and does not return to the water for a week or more. In the Grey Seal, however, 
the female may be in the water within an hour of the birth, or may stay ashore 
for three weeks. The Crabeater, according to Racovitza (1900), returns to the 
water only a few days after the birth ; this may mean that the period of lactation 
is short. 

Lindsey (1937) says that the milk production of the Weddell Seal is so great 
that the pups increase in weight by 7 lb. a day. In the Grey Seal, Amoroso et al. 
(1950) found an average daily increase of 3°3 Ib. in the weight of the pup between © 
the third and the eighteenth days. During the same period the fasting mother 
suffered a daily loss in weight of 6°3 lb. Collett (1881) gives 30 to 50 kg. as the 
mother’s loss during the breeding period, and states that the male also loses 
50 to 70 kg. during the same period. 

Seals are thin and have little blubber at birth, but they rapidly gain weight 
during their first few weeks, most of the gain being laid down as blubber. When 
they are weaned they usually remain ashore or on the ice for several weeks before 
taking to the water ; young Elephant-seals, for example, may not enter the water 
until six weeks after they are weaned. During this period they receive no food, 
but live on the fat they have stored in their blubber, so that just before they 
start to fend for themselves they have depleted some of their fat stores. This 
has led to some confusion about the ages of pups, as those that were born 
early in the season and have been weaned may appear small beside those that 
are still sucking and laying down fat. 

In order that young seals may lay down these large stores of fat, the milk must 
be exceptionally nutritious. Milk analyses are given by Sivertsen (1941) for the 
Harp and Hooded Seals, and by Matthews (1950) for the Grey Seal. The milk 
of the latter was found to contain 67 per cent of solids, of which 53 per cent 
was fat. 

Bertram (1940) mentions the occurrence of “ witches’ milk ” in both male and 
female pups for two to three days after birth. 

Growth charts for seals are given by Bertram (1940) and Sivertsen (1941). 


Multiple births. 
The pinnipeds are uniparous except for a few rare instances of twinning. 
Turner (1888) recorded twins in the Harp Seal, but Sivertsen (1941) recorded 
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none ; Hamilton (1934) found twins in the Falkland Sea-lion, and Lindsey (1937) 
in the Weddell Seal. We have recently seen two pup Grey Seals sucking at one 
mother, but we know definitely that they were not twins. Bertram (1940) suggests 
that, from a teleological point of view, the absence of multiple births, a long 
gestation, and a short lactation, are advantageous for an animal living in the 
sea where parental care is difficult. 


MATERIAL AND METHODS. 

The material on which this report is based has been obtained from a number 

of sources. It consists of the whole or portions of the reproductive tracts and, 
in some instances, the whole animal of nine species of pinniped—three species 
of antarctic seal, the Weddell Seal (Leptonychotes weddellr), the Crabeater Seal 
(Lobodon carcinophagus) and the Leopard Seal (Hydrurga leptonyx) ; the Common 
Seal (Phoca vitulina) and the Grey Seal (Halichoerus grypus); the Sea-lions, 
| Otaria byronia, Zalophus californanus and Humetopias stelleri and the Fur-seal, 
Callorhinus ursinus. The antarctic seals were collected by various members of 
the Falkland Islands Dependencies Survey and the skulls of many of them are 
) available. The Common Seals were obtained from the Faroe Islands through the 
kindness of Dr. Carl Bech, and by ourselves from Scottish waters, the Bristol 
Channel and the Norfolk coast. The material from Grey Seals was collected 
by us from the Welsh coast. The ovaries and tracts of the Northern Fur-seal 
were kindly given to one of us by Dr. Colin Bertram. The details of the material 
are given in table I; in the text, all reference numbers of specimens refer to those 
| in this table. 
_ The material was nearly all fixed in 12 per cent formalin or Bouin’s fluid in the 
field. Only the ovaries and small portions of the reproductive tract were taken 
from most of the animals. There are, however, several specimens which include 
the whole tract to the vulva, and a few intact animals were brought back to the 
laboratory. Material was stored in 4 per cent formalin or spirit until it could be 
embedded. The well-known difficulties of collection in the field occasionally 
necessitated fixation in other fluids, some making the material not suitable for 
subsequent histological examination. 

Small pieces or whole organs were embedded and sectioned, occasional ovaries 
being serially sectioned. The sections were stained with Harris’s or Heidenhain’s 
haematoxylin and eosin or van Gieson’s stain; modifications of Masson’s and 
Mallory’s stains were also used. Material was examined by phase contrast and 
polarizing microscopes as well as by the usual methods. Various histochemical 
methods were applied, but in many instances the poor fixation, or the great length 
of time the material had been stored, rendered the results of little value. 

Two specimens of the Common Seal, a young male and female, and two neonatal 
Grey Seals were injected by one of us with coloured gelatin. The aorta and the 
inferior vena cava were injected from below the diaphragm and the specimens 
were subsequently fixed in 12 per cent formalin. 
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TABLE I. 


Both ovaries or both testes have been examined in all animals, except where indicated. 
* indicates the possession of the whole animal and + indicates possession of portions of, or 


the complete, reproductive tract. 


MALES 
Field Ref. No. Date. Locality. Length cm. Remarks. 
Leptonychotes weddelli 
A 21 13.3.45 Port Lockroy 242-5 
6020 17.6.45 Hope Bay 220 
6021 17.6.45 Hope Bay 218 
6049 11.8.45 Hope Bay 226 
6075 16.9.45 Hope Bay 262 
6108 27.9.45 Hope Bay 259 
6118 9.10.45 Hope Bay 245 
238 27.10.45 Port Lockroy — Pup. See Female 238 
239 4.11.45 Port Lockroy -— Senile. In poor condition 
6135 5.11.45 Duse Bay 256 
240 7.11.45 Port Lockroy — 
6142 7.11.45 Hope Bay 237-5 
6154 11.11.45 Hope Bay 256-5 
6155 11.11.45 Hope Bay 239 
6156 11.11.45 Hope Bay 250 
242 28.11.45 Port Lockroy 
Lobodon carcinophaga 
603 1.2.47 Hope Bay 236 
605 1.2.47 Hope Bay 226 
609 9.2.47 Hope Bay 226 
611 9.2.47 Hope Bay 236 
613 14.2.47 Hope Bay 234 
6120 12.10.45 Hope Bay 236 
292 22.10.45 Port Lockroy — Pup 
Hydrurga leptonyx 
614 14.11.47 Hope Bay 297 
6126 20.10.45 Hope Bay 285 
P. vitulina ; 
W.S.M.1* Feb. 1948 Bristo] Channel 131 Weight 129 lb. 
S 12* May, 1948 King’s Lynn 128 
Sion May, 1948 King’s Lynn 130 
8 147 June, 1948 King’s Lynn — 
S 4 F* June, 1947 Faroe Islands 48 Foetus. See Female S 4 
634 1951 Zoological Gardens —- 4—5 weeks 
567 1951 Zoological Gardens — 8 weeks 
O. byroma 
WS. 449 23.6.36 Cape Dolphin, East 223°5 


Z. californianus 
BZS 


Falkland Island 


Menagerie specimen 
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Field Ref. No. Date. Locality. Length cm. Remarks. 
Halichoerus grypus 
Hl 1950 Welsh coast — Neonatal 
FEMALES 
Leptonychotes weddelli 
6074+ 15.9.45 Seal Point, Hope Bay 249 1 ovary 
237t 27.10.45 Port Lockroy 248 With Pup 238 Male 
61367 5.11.45 Duse Bay — With Pup 140 cm. 
6137+ 7.1145 Grunden Rocks, 203 Juvenile, 1 ovary 
Hope Bay 
61437 7.11.45 Hope Bay 259 © 1 ovary 
6153T 12.11.45 Grunden Rocks, 224 1 ovary 
Hope Bay 
244+ 15.11.45 Port Lockroy 255 
6157+ 16.11.45 Grunden Rocks, 228°6 
Hope Bay 
2437 29.11.45 Port Lockroy — 
63027 5.1.45 Sheppard Island 193 1 ovary 
63037 6.1.46 Sphinx Island 256 1 ovary 
1067 2.2.47 Hope Bay 292 Contained 75 mm. foetus. 
1157 14.2.47 Hope Bay 282 
6006xt 31.3.45 Seal Point, Hope Bay — Contained 25 cm. foetus 
~ 6012+ 13.6.45 Hut Cove, Hope Bay 213 1 ovary 
6054 31.8.45 Grunden Rocks, 249 1 ovary 
Hope Bay 
A 16* 15.3.45 Doumer Island 18 Foetus 
Lobodon carcinophaga 
61197 12.10.45 Seal Point, Hope Bay 244 1 ovary 
61257 25.10.45 Hope Bay 214-5 
2477 27.12.45 Port Lockroy _ Contained a blastocyst 
246 3.1.46 Port Lockroy = Contained a blastocyst 
1017 1.2.47 Hope Bay 258 Contained a 14 mm. 
embryo 
104 1.2.47 — — 
102+ 1.2.47 Hope Bay 254 Contained an implanted. 
— blastocyst 
1107 9.2.47 Hope Bay Contained a 22 mm. 
embryo 
107+ 9.2.47 Hope Bay 236 Contained an early somite- 
embryo 
108+ 9.2.47 Hope Bay 243 
Hydrurga leptonyx 
116} 17.2.47 Hope Bay 343 Contained a 6 mm. 
embryo 
Halichoerus grypus 
Keyes ~— Oct. 1946 Pembrokeshire Coast — Sexually immature 
GS. 1* 1951 Welsh coast — Neonatal 32 lb. 
G.S. 2+ 1951 Welsh coast — Suckling 42 Ib. 
GS. 3 1951 Welsh coast _- Neonatal 30 lb. 
G.S. 4+ 1951 Welsh coast — Suckling 54 lb. 
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Field Ref. No. Date. Locality. Length cm. Remarks, 
P. vitulina 
Slt 17.4.47 Girvan 130 Juvenile 
§ 2+ June, 1947 Faroe Islands — 
S 3t June, 1947 Faroe Islands — 
8 4t June, 1947 Faroe Islands — Contained a 48 cm. foetus 
S 5+ Oct., 1947 Faroe Islands — Late pregnancy 
S 67 Oct., 1947 Faroe Islands — 
S 7+ Oct., 1947 Faroe Islands — 
S 87 Oct., 1947 Faroe Islands — 
S 9+ Oct., 1947 Faroe Islands a New born, 1-2 weeks 
$ 10+ Oct., 1947 Faroe Islands — New born, 1-2 weeks 
S 1ll+ Oct., 1947 Faroe Islands — Late foetal 
8 15+ July, 1947 Wash — Recently pupped 
SM 1* 5.8.48 Tayport — Few days old 
SM 2+ 26.8.48 Tayport os In first year 
SM 3+ 19.9.48 Tayport -- Few days old 
SM 4+ 22.7.49 Tayport — 
SM 5+ 22.7.49 Tayport — In first year 
SM 6+ 11.9.49 Tayport — 
KL 3 25.7.47 Freeman’s Channel, 97 Juvenile 36 lb. 
The Wash 
SZ 1* 1951 Zoological Gardens 109 Immature 56 lb. 
P. hispida 
Not numbered Sept., 1949 Greenland oo 
O. byronia 
WS 465+ 9.7.36 Cape Dolphin, East 160 
Falkland Island 
WS 475+ 16.9.36 Cape Dolphin, East 183 
Falkland Island 
WS 433+ 22/23.3.36 Cape Dolphin, East — 
Falkland Island 
WS 520T 5.3.37 Cape Dolphin, East 178 
Falkland Island 
LE, stellert 
3T 7.7.49 St. Paul Island, 221-4 Lactating, recently 


Pribiloff Islands partruient 


C. ursinus.—In all, 76 pairs of ovaries have been examined—only seven pairs are reported on in | 
this paper and are listed below. 


2 6.7.49 St. Paul Island, 114 Week after pupping 
Pribiloff Islands 
13 9.7.49 St. Paul Island, 125:5 Pregnant, near term 
Pribiloff Islands 
27 11.7.49 St. Paul Island 131-4 Died in labour 
Pribiloff Islands 
52 16.7.49 St. Paul Island 119-5 Pup 66:5 cm. Died in 


Pribiloff Islands labour 
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Field Ref. No. Date. Locality. Length cm. | Remarks. 


85T 27.7.49 Reef Point, St. Paul 106-6 Not ovulated 
Island 
145+ 27.7.49 N.E. Point, St. Paul — Virgin 
Island 
179+ 4.8.49 Reef Point, St. Paul — Lactating, recently ovu-- 
Island lated. Tagged and 
known to be eight 
years old 
THe MAtez. 


The material consists of a number of specimens of testis and of ossa penis. 
The wet specimens have been fixed either in Bouin’s fluid or in formalin, and. 
preserved in 70 per cent spirit or 10 per cent formalin. 

The collection contains specimens of testis from fourteen Weddell Seals, from 
six Crabeaters and from several foetal, newborn and adult Common and Grey 
Seals (see table I). Although it contains so little material, the collection indicates. 
that there is a well-marked cycle in the male, that interesting changes occur ‘ 
in the late foetal and neonatal testis, and it enables a number of the details to- 
be described. The weights of the testes have, unfortunately, not been recorded 
owing to the difficult conditions of the field work, and they cannot be ascertained. 
from most of the specimens because the organs were divided for purposes of proper 
fixation and are therefore not complete. The field notes do, however, include 
measurements of the greatest diameter of the testis, and they generally give the 
total length of the animal from which the specimens were removed. 


Gross anatomy of the reproductive organs. 


- Before considering the reproductive cycle in the male, it will not be amiss to 
give a brief general description of the anatomy of the male reproductive tract in 
seals. No material from the Antarctic is available for this purpose, and we have 
based this description on our findings in the Common and Grey Seals from British 
waters. The vascular systems of several specimens were injected (Pl. I, fig. 2) 
by one of us, and have been the subject of a short report (Harrison & Bentall, 
1950) on the inferior vena cava and renal vessels. It is improbable that the corre- 
sponding anatomy of the antarctic seals differs materially from that of the Common 
Seal, and although we have no precise information on this point, two of us 
(L. H. M. & J. M. R.) can confirm the essential similarity from general observations 
in the field. 

The testes are inguinal in position, lying in the groin outside the abdominal 
musculature, lateral to the femoral veins, and slightly posterior to the level of 
the knee-joint, but covered by the posterior part of m. panniculus carnosus. 
Each is surrounded by a tunica vaginalis which retains its connection with the 
abdominal cavity through a patent processus vaginalis. In the young specimens, 
a large lymphatic gland was found immediately infero-medial to each testis. At 
the internal abdominal-ring the ductus deferens passes deep to a plexus of 


circumflex iliac veins and then bends medially and caudally. The ductus then 
3N2 
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lies superficial to the circumflex iliac vein and the external iliac vein and artery 
(Pl. I, fig. 2). It crosses the obliterated hypogastric artery lying in the cranial 
edge of the lateral vesicular ligament, and passes caudally dorsal to the bladder. 
From the internal abdominal ring the spermatic vessels and the suspensory 
ligament of the testis at first pass cranially, and then slightly medially in the 
more cranial part of their courses. In an injected specimen of a young Common Seal 
the right testicular artery rose from the aorta 1:5 cm. below the origin of the right 
renal artery. It passed to the right of the right inferior vena cava, crossing in front 
of one of the renal veins and in front of the right ureter where the latter coursed 
medially to cross the common iliac vessels. The left testicular artery arose some 
6°5 cm. caudally and almost immediately crossed the left ureter. The right testicular 
veins lay one on each side of the artery and united to form a single vessel which 
entered one of the smaller renal veins. The left testicular vein appeared to be a 
single vessel throughout its course until it entered one of the most caudal of the 
left renal veins at a point close to the junction of the latter with the left inferior 
vena cava. 

The ureter lies behind the peritoneum at the level of the internal abdominal 
ring and of the obliterated hypogastric arteries ; it does not leave the posterior 
abdominal wall to reach the bladder until it has passed well caudal to that level. 
The testes were found to be descended into their inguinal position in young 
animals at birth. 

The measurements that follow were obtained from a male Common Seal taken 
in the Bristol Channel in February, 1948. The animal measured 1310 mm. from 
the tip of the snout to the end of the tail, and 1500 mm. to the ends of the hind 
- digits; its weight was 129 lb. The coat colour was dull brownish-grey without 
spots, this being the colour towards which the coat of the Common Seal fades 
before the moult. 

The preputial opening lay in the mid-line of the ventral side, 170 mm. cranial to 
the cranial end of the anal cleft, which was itself 40 mm. in length. The umbilicus 
lay 180 mm. cranial to the preputial opening, which was thus nearly exactly 
equi-distant from umbilicus and anus. <A pair of minute rudimentary nipples 
could be recognized on the blubber side of the skin after its removal from the 
body. They were about 60 mm. apart and a similar distance caudal to the 
umbilicus. 

The bladder, which is elongated and narrow in seals, was 85 mm. in length 
from its apex to the level at which the ureters joined it (fig. 1 a). The obliterated 
hypogastric arteries ran along its external edges from a short distance cranial to 
the ureters, gradually decreasing in size as they coursed along the lengthy urachus, 
which measured 240 mm. in length from the apex of the bladder to its attachment 
to the abdominal wall at the level of the umbilicus. Externally the apex of the 
bladder merged gradually into the urachus and the position of the cranial end of 
the bladder could be determined only by ascertaining the limit of its lumen. 
The ureters joined the bladder near its neck, the distance between their openings 
and the latter being less than 20 mm. 

The prostate lay immediately caudal to the neck of the bladder, and was about 
20 mm. in length. It was not very prominent, appearing as no more than a slight 
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Phoca vitulina. (a) Bladder and urethra of fully grown but prepubertal male. <A, obliterated umbilical 
artery. P, prostate. U, ureter. UR, urachus, which extended cranially for 24cm. V, ductus 
deferens, 12 cm. in length from point of crossing ureter to testis. (b) Prostatic urethra opened 
longitudinally, showing crista urethrae with combined openings of ejaculatory ducts, and 
openings of prostatic ducts below. (c) Distal part of the penis from the right side, the prepuce 
laid open to show the glans. The crura of the corpora cavernosa penis are cut across at their 
origin from the pubis; the m. retractor lies below. A, the position in which the transverse 
section A, lies. The section shows the large fused corpora cavernosa penis and the very small 
corpus cavernosum urethrae lying in the groove on the ventral surface. M, meatus. O-O, 
proximal and distal limits of the os penis. 
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swelling of the beginning of the urethra. The ductus deferentes, which measured 
120 mm. from the testes to their points of looping over the ureters, converged and 
entered the urethra towards the caudal end of the prostate. This distance from 
the attachment of the crura of the corpora cavernosa penis to the level of the 
junction of the ureters with the bladder was 80 mm., this distance including rather 
less than 20 mm. of the distal end of the bladder and the whole of the prostatic 
and of the membranous urethra. 

On dividing the prostatic urethra longitudinally along its ventral surface, and 
folding back the sides, a prominent crista urethrae was revealed on the dorsal 
wall of the lumen (fig. 1b). On this there was a single orifice, the ejaculatory 
ducts having fused during their course through the wall of the urethra and the 
prostate. Although the glandular tissue of the prostate was small in amount, 
the mucous folds caudal to the crista showed a considerable number of duct-mouths. 

The testes measured 45 x15 15 mm., and the head and tail of the epididymis 
were joined by a stout body. The mediastinum testis was inconspicuous and little 
developed, the trabeculae being few and small. 

The corpora cavernosa penis fused immediately after the short crura met, to 
form a single cavernous body which was strongly curved cranially, passing through 
an arc of 180° (fig. 1c). At their origin the crura were directed caudally but they 
immediately bent cranially over the ventral surface of the pubis, so that the 
main part of the penis was directed cranially on the under side of the abdomen. 
The distance from the origin of the crura to the attachment of the preputial 
reflection was 50 mm. in a straight line across the chord of the arc traced out by the 
corpora cavernosa. 

The corpus cavernosum urethrae was very feebly developed, so that there was 
practically no bulb distinguishable as a separate structure, and throughout its 
length it appeared as a thin layer of loose cavernous tissue surrounding the 
urethra. In transverse section the fused corpora cavernosa penis were almost 
circular, but slightly compressed from side to side, and a groove running along the 
under side contained the corpus cavernosum urethrae and the urethra. 

The glans was 50 mm. in length, and was claviform, somewhat compressed 
laterally, the meatus opening terminally on the under side. It was covered with 
fine longitudinal striations, as also was the preputial surface in apposition with 
it; the two surfaces had not yet become completely separated, there being some 
patches in which the epithelia were still fused. A comparatively large os penis 
was present, being the ossified distal part of the corpus cavernosum penis; it 
measured 55 mm. in length, and its distal end lay 23 mm. proximal to the tip 
of the glans. A strong m. retractor penis, its distal part of a ligamentous nature, 
ran along the under surface of the proximal part of the penis, and inserted at the 
level of the reflection of the preputial fold. 

Scheffer & Slipp (1944) found that in Phoca vitulina of the Pacific coast of 
‘ America the os penis continued to grow throughout the life of the animal, but there 
was a sudden increase in length at the attainment of sexual maturity. At this 
time the bone reached a length of the order of 100 mm. or slightly more ; 
thereafter it lengthened gradually and might reach a length of nearly half as 
much again in old animals. Using this measurement as a criterion we judge 
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our specimen to be a sub-adult that would have bred for the first time in the 
next breeding season, a few months later, after the approaching moult. 

The form of the penis, particularly of the glans, which is similar to that in Canis, 
differs strikingly from that in the Otariidae. In an adult male Otaria byronia 
the os penis was comparatively much longer and greater in diameter, reaching 
to the tip of the glans and being invested in a relatively thin layer of tissue 
(fig. 2). At its distal end the bone was immediately subepithelial, and the 
tissues of the glans surrounding it were expanded to form a lobed collar, separated 
by a deep groove in which the urethral meatus opened below and a little proximal 
to the tip of the bone ; there was a well-marked ventral fraenum. 


Fig. 2. 
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Otaria byronia. Glans penis, (a) from the right side. (b) Oblique view of the end. (c) From the ventral 
side. O, end of os penis, covered by epithelium only, and surrounded by a collar of erectile 
tissue. M, meatus. 


In an adult male Zalophus californianus the structure of the glans was very 
similar (fig. 36). The os was about 130 mm. in length, its distal end being 
subepithelial, and surrounded by an expanded, frill-like collar of erectile tissue. 
The corpora cavernosa penis fused shortly beyond their origins in the crura to 
form a single cavernous body. This was enclosed in a very thick and tough 
albuginea, and was grooved on its ventral surface. Within the groove lay the 
urethra surrounded by a small but distinct corpus cavernosum urethrae. In the 
glans this cavernous body was expanded and surrounded the os penis on all sides 
except the ventral, which was occupied by the urethra. In this animal the 
prostatic urethra contained a well-marked crista urethrae, on which there was 
a single minute median orifice. The orifice was formed by the junction of the 
ductus deferentes and the uterus masculinus. Macroscopic sections showed that 
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Zalophus californianus. (a) Prostatic urethra opened longitudinally to show the crista urethrae with 


combined openings of the ejaculatory ducts and uterus masculinus. The arrows at A, B, 
and ©, show the levels of the corresponding transverse sections A, B, and C. In A the two 
ejaculatory ducts only are seen; in B the uterus masculinus is also present, lying between 
and below them. In C the openings of the two ducts coalesce. (b) Glans penis, side view 
(on the left) and end view (on the right). O, distal subepithelial part of the os penis, surrounded 
by a collar of erectile tissue. M, meatus. D, position of transverse section shown in (c). 
(c) (On the left), transverse section of the middle of the glans showing the os penis surrounded 
by erectile tissue, and the urethra lying below it; (on the right), transverse section of the 
penis 4 cm. distal to the junction of the crura. The corpora cavernosa penis are completely 
fused, and the urethra which lies below is surrounded by a comparatively large corpus cavernosum 
urethrae. 
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the latter was about 4 mm. in length. The testes, which are scrotal, not inguinal, 
in position in the otariid seals, contained very feebly developed. mediastina ; 
the epididymides were comparatively large, the diameter of the body being so. 
great that it gave little differentiation between head, body and tail. 

In the Walrus, according to Murie (1871) the form of the penis resembles that. 
of the otariid rather than the phocid seals. 


Histology of the testis. 

Microscopical examination of sections of the testis from antarctic seals shows 
that spermatogenetic activity is seasonal and that it is limited to a comparatively 
short period. The different specimens are considered separately in the following 
paragraphs, in chronological order according to the months in which they were 
collected. 


Leptonychotes weddelli. 


Specimen No. A 21, 3.3.45. Testis tubules nearly all filled with cells, only a 
few having small incipient lumina. Tubules with one or two layers of spermatocytes, 
many of them in course of division; a few tubules contain some spermatids. 
Leydig cells moderate in number. The tunica albuginea heavily vascularized. 
No spermatozoa in the epididymis. 

Specimens Nos. 6020, 6021, 17.6.45. Nearly all the tubules without lumina ; a 
very few show small central spaces. The tubules contain spermatogonia and a single 
layer of spermatocytes, many of them in course of division, but no spermatids. 
Leydig cells moderate in number, but some present in nearly all the interstices. 
The tubules rather closely packed, and a considerable amount of connective 
tissue surrounding them. Vascularization of the tunica albuginea heavy in the 
second specimen, but slight in the first. No parts of the epididymides included 
in the specimens, but from the state of the testis tubules, it is safe to conclude 
that spermatozoa were not present. 

Specimen No. 6049, 11.8.45. Tubules without lumina, filled with large numbers 
of spermatocytes, many of them in course of division. Tubules fairly closely 
packed ; little connective tissue, but plentiful Leydig cells between them. Tunica 
albuginea heavily vascularized. Epididymis empty. 

Specimens Nos. 6075, 16.9.45 ; and 6108, 27.9.45. These September specimens 
are closely similar. All tubules have large lumina, and are lined by only two to 
three layers of cells, mostly spermatocytes. Some of the tubules contain 
spermatids ; a few spermatozoa are present in 6075, none were seen in 6108. 
The tubules are fairly closely packed, a moderate amount of connective tissue 
lies between them, and Leydig cells are abundant. The tunica albuginea is heavily 
vascularized. No spermatozoa present in the epididymides. 

Specimen No. 6118, 9.10.45. Tubules with large lumina lined with only one or 
two layers of cells. A few tubules contain spermatocytes, many contain spermatids 
and spermatozoa. Tubules are closely packed, very little connective tissue and 
few Leydig cells being present. The tunica albuginea fairly heavily vascularized ; 
epididymis full of spermatozoa. 

For November there are seven specimens, five fully active, two in earlier stages 


- of spermatogenesis. The active specimens are described first. 
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Specimens Nos. 239, 4.11.45; 6135, 5.11.45; 6142, 7.11.45; 6154 and 6155, 
11.11.45. The tubules have moderate to large lumina, and are fairly closely 
packed. In all specimens except 239 the tubules contain numerous spermatids 
and spermatozoa; those of 239 contain spermatids only. Leydig cells are fairly 
abundant in all specimens. The epididymis in all specimens contains some 
spermatozoa ; in 239 spermatozoa are few, but in the others they are plentiful, 
and in most of them quite fill the tube. 

The two less active November specimens are 240, 7.11.45 and 242, 28.11.45. 
In 240 the tubules are without lumina, most of them containing a single layer 
of spermatocytes, many of them dividing, but no spermatids. The tubules are 
very closely packed, the connective tissue much reduced, and Leydig cells few. 
The tunica albuginea is very heavily vascularized, as is the connective tissue 
surrounding the epididymis. The epididymides are aspermatic. In 242 the 
tubules are nearly all without lumina. They all contain spermatocytes and many 
have numerous spermatids; no spermatozoa were seen. The tubules are not 
closely packed and connective tissue is rather abundant ; Leydig cells are numerous. 
The vascularization of the tunica albuginea is moderate, that of the epididymis 
being rather greater. The epididymis is almost entirely empty, there being no 
spermatozoa but merely some cellular débris in places. 


Lobodon carcinophaga. 


There are four February-taken specimens, 603 and 605, 1.2.47; 609, 8.2.47; 
and 613, 14.2.47. 

In the first three the lumina of the tubules are small, and in the fourth they 
are rather larger. The tubules of none of the specimens contain spermatozoa ; 
those of 605 contain spermatogonia and spermatocytes, and those of the others 
contain in addition a very few spermatids.. In all specimens the tubules are 
closely packed, but the amounts of interstitial tissue are not equal. In 609 the 
Leydig cells are few, in 603 and 605 they are more abundant, though no more 
than moderate in number. In 613, in which the tubules are less tightly packed, 
the Leydig cells are rather abundant. Vascularization of the tunica albuginea is 
prominent in all specimens. ‘The epididymides of all specimens are completely 
aspermatic. Specimen 613 contains a conspicuous haematoma. 

Specimen 6120, Hope Bay, 12.10.45, length of seal 236 cm. This, the only 
other specimen of testis from an adult Crabeater Seal is in full activity. All the 
tubules have well defined lumina, and most of them are filled with a central mass 
of spermatids and spermatozoa. The majority of the tubules have an outer layer 
of spermatogonia enclosing one to two layers of spermatocytes, many of them in 
division, and some spermatids. A clear zone separates the central plug of spermatids 
and spermatozoa from the cells lining the tubules. The tubules are closely packed, 
there being little connective tissue between them. Leydig cells are few to moderate 
in number, but form clumps in some of the interstices where they are large and 
plump. Vascularization of the testis and epididymis is moderate. The whole of 
the epididymis is completely filled with spermatozoa together with some cellular 
débris. 
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In specimen 292, taken 22.10.45, from a Crabeater pup, the tubules have no. 
lumina and contain only spermatogonia. The tubules, however, are not closely 
packed and considerable amounts of Leydig cells are present. 


Hydrurga leptonyx. 

The collection contains speeimens of testis from two Leopard Seals, 614, 14.2.47,. 
and 6126, 24.10.45; the latter was 285 cm. in length. 

In specimen 614 the tubules have small lumina; they are not closely packed, 
and connective tissue is abundant between them, but Leydig cells are only 
moderate in number. The tubules contain one to two layers of spermatocytes, 
some in division, but very few spermatids, and no spermatozoa. The connective 
tissue, especially that between the lobules of tubules, is considerably vascularized 
and the tunica albuginea is heavily vascularized. The specimen contains no part 
of the epididymis. 

In specimen 6126, all the tubules have lumina lined with spermatocytes, and 
contain many spermatids, but no spermatozoa were seen. The tubules are 
closely packed and there is very little connective tissue separating them ; Leydig — 
cells are very few. Vascularization is not marked and is most conspicuous in the 
connective tissue of the epididymis. Most of the epididymis tube is empty but a. 
few spermatozoa can be seen in some sections. 


Testis of foetal, newborn and adolescent seals. 


A number of testes from foetal seals has been examined, but not sufficient for 
a description of the development of the organ to be given. It can be noted, 
however, that there is no evidence of tubule formation in a 14 mm. Crabeater 
embryo, whereas in an embryo of 22 mm. there is some indication of primitive 
tubules. 

The testes from a number of more advanced male foetuses of P. vitulina and 
H., grypus have been examined, and certain well-marked changes have been found 
which correspond to those seen in the foetal ovary (see p. 488). The testis from 
a 48 cm. foetus of P. vitulina shows the first signs of what are to become pronounced 
characteristics (Pl. I, fig. 3). Hach testis measures 12:5 mm. in length, 6 mm. in 
breadth and 7 mm. in thickness. The testis is surrounded by a tunica albuginea 
120 to 150 » thick beneath which are numerous dilated arteries and veins. There 
are numerous fairly large islands of interstitial cells containing an extensive 
capillary plexus. The interstitial cells are mainly polyhedral in shape with an 
average diameter of 15. The cytoplasm is granular and somewhat eosinophilic. 
The nuclei are generally vesicular and 8 to 9 in diameter. 

The seminiferous tubules are 80 to 100 in diameter and are in the form of 
convoluted cords ; only rarely is a tubule patent. The main cellular component 
of the tubules is an elongated columnar cell with a small oval nucleus placed 
peripherally. Less numerous are large spheroidal cells up to 20m in diameter 
with clear cytoplasm and a large vesicular nucleus. These cells are usually 
situated close to the basement membrane of the tubule and are probably germ 


cells. 
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In the male newborn pups of Halichoerus grypus the testes are remarkably 
enlarged (see also the section on the neonatal ovary, p. 488). Both testes together 
weigh’from 34 to 40 g. Each testis is covered by a well-defined tunica albuginea 
from 600 to 800, thick. Large islands of interstitial tissue are present, and 
between them lie numerous convoluted seminiferous tubules that contain a few 
cells that appear to be spermatocytes. The majority of the tubules are patent, 
but some are solid; they measure, on the average, 60, in diameter. 

The testes of several adolescent Common Seals have also been examined. 
There is little direct evidence of the age of the animals, but of two specimens 
from the Zoological Gardens, Regent’s Park, 634 is four to five weeks old and 
657 is about eight weeks old. The seminiferous tubules in the younger specimen 
are between 40 and 50 in diameter. The majority of the tubules are solid, and 
they consist principally of elongated columnar cells with basophil nuclei. 
‘Occasional eosinophil cells, polyhedral in shape and sometimes as large as 
15 across can be seen; these are probably spermatogonia or spermatocytes. 
The Leydig cells are arranged in relatively compact groups and are palely stained. 
Each cell is 9 to 12 across and contains few granules, a number of the nuclei 
-are vesicular. 

The appearances of the testis of Common Seal 657 are similar to those of 634 
except that the tubules are slightly larger, averaging 60 » in diameter and there 
is less Leydig tissue. The Leydig cells are more densely stained and the nuclei 
are less vesicular. A number of the tubules are patent in this specimen. Common 
Seal $12 is probably a yearling. Both testes of this animal (with the epididymides) 
together weigh between 6 and 7 g., and each testis, on the average is 30 mm. in 
length, 14 mm. in width and 10mm. in depth. The interstitial tissue is much 
reduced in amount compared with the previous specimens. The Leydig cells are 
small and compactly arranged ; their cytoplasm is scanty and palely staining, and 
their nuclei are small, few being vesicular. 

The convoluted seminiferous tubules are more distinctly separated by connective 
tissue septa, and there is a general increase in the quantity of connective tissue 
surrounding the tubules. The tubules are somewhat larger than in the previous 
specimens, being 75 to 80 in diameter, but only about 25 per cent are patent. 
The spermatogonia and spermatocytes are increased in number and nearly equal 
the number of supporting cells. 

A male Common Seal of adult size, but sexually immature, was taken in the 
Bristol Channel in February, 1948 (W.S.M. 1). The testis and epididymis were 
completely aspermatic on microscopical examination. The testes each measured 
45 x 15x15 mm. and the tubules were without lumina, being filled for the greater 
part with large spermatogonia ; no cells representing stages of spermatogenesis 
later than the formation of primary spermatocytes were seen. ‘The islets of 
interstitial cells were, however, numerous and of moderately large size. 


Discussion. 


Table II summarizes some of the information recorded about the specimens 
considered in detail above. The number of specimens is unfortunately small, and 
the dates of collection are, as was inevitable, concentrated in the breeding season, 
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TABLE II. 


Specimens from Antarctic Seals (Males). 


tis tubules. “ i 
Testis tubules Testis. Os penis. 


Diameter p. ; 
Field Ref. No. Date. Locality. Vea hale (Mean of pe ee an a epee 
cm. i genesis. diameter, cm. 
maximum and en 
minimum. 
L. weddelli ee 
A 21 13.3.45 Port Lockroy 246 130 Sy ae — — 
6020 17.6.45 Hope Bay 220 110 eh 4-9 12-7 
6021 17.6.45 Hope Bay 218 120 Care ®) 5:3 15-0 
6049 11.8.45 Hope Bay 226 125 OMeO 4-9 13-7 
6075 16.9.45 Hope Bay 262 202 Ala Moh 6-4 21-4 
6108 27.9.45 Hope Bay 259 190 ert) 6-5 22:1 
6118 9.10.45 Hope Bay 245 205 xX xX 8-6 21-5 
238 27.10.45 Port Lockroy (pup) 60 ee A — — 
239 4.10.45 Port Lockroy (an old 215 bua. 4 — — 
seal in poor 
condition) 
6135 5.11.45 Duse Bay 256 190 > 4 7-0 20-7 
240 7.11.45 Port Lockroy — 125 O70 —_ = 
6142 7.11.45 Hope Bay 237-5 200 od OS 8-6 17-3 
6154 11.11.45 Hope Bay 256-5 230 Pi e.4 ga 21:9 
= 6155 11.11.45 Hope Bay 239 180 2p e.% 7-0 20-4 
6156 11.11.45 Hope Bay 250 No specimen — — — 19-2 
242 28.11.45 Port Lockroy — 190 AiO — — 
L. carcinophaga 
603 1.2.47 Hope Bay 236 110 a — — 
605 1.2.47 Hope Bay 226 140 8 ea eee 7 
609 9.2.47 Hope Bay 226 110 poe) _— — 
613 14.2.47 Hope Bay 234 160 ee) om 
6120 12.10.45 Hope Bay 236 210 2.8.4 8-6 16-2 
292 22.10.45 Port Lockroy (pup) 70 Os-eO — =. 
HH. leptonyx 
614 14.2.47 Hope Bay 297 160 +e) = — 
6126 20.10.45 Hope Bay 285 160 ae {fas 27°9 


the time of year when the animals are most accessible. Nevertheless there is a 
small number of examples collected in other months of the year, and inspection 
of them enables a sketch of the processes of the breeding cycle to be presented. 
Fecundity in the antarctic seals, as shown by the presence of spermatozoa in the 
testis, occurs during September, October, and November ; none of the specimens 
collected in other months is fecund. The diameter of the testis tubules has been 
selected for plotting in an attempt to represent the cycle in the testis graphically. 
The value taken is the mean between the maximum and minimum diameters 
found in sections from each specimen. When these figures are plotted against 
the dates of the collection of the specimens the diagram shown in fig. 4 is produced, 
the points derived from Weddell Seals being distinguished from those derived 
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from Crabeaters. If the figures for the two species are combined, and the average 
values for each half-month are plotted, a curve (No. 1) is obtained showing a 
well-marked peak centred in October, and a minimum value about mid-winter. 
When the more scanty figures for the maximum diameter of the testis are plotted 
on the same graph a curve (No. 2) is obtained which follows the shape of the first 
one closely. 

These curves may, and probably do, represent approximately the course of 
events in nature, but they must be accepted with caution. The points in the 
neighbourhood of the peak no doubt indicate the period of greatest activity, but 
it is the others that are not so satisfactory. For the months of April to August 
inclusive there are only three points, and reference to table I shows that they 
are derived from seals that had not reached their full growth. The average value 
for the length of these animals is 222 cm., for the diameter of the testis tubules 
it is 118, and for the length of the os penis it is 13-8cm.; whereas the 
corresponding figures for the fecund seals run from 237-5 to 262 cm., from 180 
to 230, and from 17-3 to 22-lcm. It is evident, then, that the three winter 
specimens are members of a younger age group than the breeding animals, and 
are probably in the season preceding that in which they would have attained 
their full growth. 

It is not to be assumed, however, that the three winter seals would not have 
bred in the following summer, for the smallest of the fecund animals (6142) was 
11-5 cm. shorter than the largest of the three, and its os penis no more than 2:3 ¢.m. 
longer than that of one of them. But the mean diameter of the testis tubules 
in this specimen was 200 py, and the greatest diameter of the testis was 8-6 cm., 
values which contrast strongly with the average corresponding values of 118 p 
and 5:0 cm. from the three. The figures from this specimen are, therefore, not 
incompatible with the suggestion that the three winter specimens might have 
become breeders in the following summer. 

Consideration of the specimens for February and March supports the probability 
that the curves represent the approximate course of the cycle in nature. 
Specimen A 21, a Weddell Seal taken in March, shows by its length that it 
belongs to the age class of the fecund seals of the preceeding breeding season. 
But the mean diameter of its testis tubules is only 5 greater than the largest 
corresponding figure from the three winter seals. It is therefore justifiable to 
conclude that the mean diameter of the tubules in a fecund seal regresses to a 
size approximately equal to that seen in the winter specimens, after the breeding 
season. This conclusion is upheld by the figures from the Crabeater Seals, among 
which there is no significant difference in body length between the specimens 
from February and that from October; they are all of an approximately similar 
growth-stage. But the average mean diameter of the testis tubules in the four 
February specimens is only 130», whereas that of the October specimen is 210 p. 

The curves may therefore be assumed to show with some approach to accuracy 
the cycle in the testis of the Weddell and Crabeater Seals, with the reservation 
that, had specimens of the largest size group been available during the winter. 
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the mid-winter trough of the curve might have been less deep, and the rise towards 
the peak of the breeding season might have been less steep. 

The curves agree with the information that has been gathered by direct 
observation upon the seals of the Antarctic. Bertram (1940), from a consideration 
of the sizes of the foetuses, suggested that conception occurs in November and 
December in the Weddell Seal, and rather later, in December, in the Crabeater. 
He did not, however, make sufficient allowance for the delay in implantation 
which is now known to intervene after fertilization of the ovum ; if that delay is 
borne in mind, it will be seen that the curves in fig. 4 fit very well with the field 
observations made on the biology of the seals in the Graham Land sector of the 
Antarctic. 
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Leptonychotes weddelli and Lobodon carcinophagus. Diameters of testis tubules (in y) and greatest 
diameters of testis (in centimetres) plotted by months. The curves are drawn through the 
smoothed average values by half-months. 


As already noted by us elsewhere (Amoroso, Harrison, Matthews & Rowlands, 
1951), there is definite evidence of a precocious enlargement of the testis of the 
newborn Grey Seal. It is probable that this enlargement also occurs in the 
newborn Common Seal since the testes of foetuses obtained late in pregnancy 
show similar but not such marked changes. A similar condition was observed in 
the testes of a Crabeater pup (292) as noted above (p. 455). This precocious 
_ enlargement is primarily due to an increase in the number and size of the Leydig 
cells. The possible endocrine factors involved in this enlargement are discussed. 
in the section on the ovary (p. 507). It also appears that there is a relatively 
rapid involution of the testis after birth. We are unable to state the length of 
time that is required for this process, owing to lack of specimens the age of which 
is known with any accuracy. ‘There is no sign, however, of the enlargement 
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that is present at birth, in the testes of older specimens that we have reason to 
believe are less than one year old. We suspect that in the newborn a state of 
affairs pertains to the testis similar to that which we have shown to occur in the 
ovary (p. 488). 


THE FEMALE. 


Gross anatomy of the reproductive organs. 
1. Lobodon carcinophagus (Jacquinot & Pucheran). Crabeater Seal. 

The collection contains three specimens of the reproductive tract, more or less. 
complete, of this species, one nullipara and two parous. 

Specimen No. 6125, Hope Bay, 25.10.45. Length 214-5 cm., stomach empty. 
Seal hauled up on sea ice of bay about 150 yards from edge (figs. 5, 6 & 7). 

The specimen comprises the complete genital tract with the exception of most. 
of the urinogenital canal and the external genitalia. It has been fixed in a 
somewhat distorted position, but preserves some of the natural shape and relations. 
Most of the urinogenital canal has been removed so that the distal end of the 
specimen consists of little more than the lower end of the vagina. The latter is 
closed by a large and thick hymeneal structure which is confluent with the urinary 
papilla. The complex thus formed projects as a hemispherical mass, about 5 cm. 
in diameter, into the upper part of the urinogenital canal, the urinary papilla 
_ lying at the ventral side (fig. 6a). The urinary papilla is only vaguely defined, 
and at its base it merges with the general surface of the hymeneal mass. Near 
its distal end a small diverticulum on each side separates it from the latter, and 
the apex is demarcated by a shallow wrinkle joining the mouths of the diverticula. 
The diverticulum of the right side is 20 mm. deep, that of the left 15 mm.; both 
end blindly. The diameter of the diverticula is 3 to 4mm. at their mouths, but 
is rapidly diminished within and is no more than about 1-0 mm. for the greater 
part of their length. The lining is a mucous membrane similar to that covering 
the papilla, and it is raised into longitudinal ridges in the distal thirds of the 
diverticula. The meatus of the urethra lies near the base of the ventral surface 
of the papilla ; it is a longitudinal slit about 5 mm. long. 

The surface of the dome-shaped hymeneal mass is covered on its external face 
with a smooth mucous. membrane bearing a few shallow wrinkles which follow a 
circular course for the most part. In the mid-line, however, there is a more 
definite suleus running in a dorso-ventral direction, and on each side of it lies 
an opening from which sulci radiate in an irregular star shape. The part of the 
hymen separating the openings is comparatively thick and fleshy, and the mucous 
membrane lining the two canals thus formed is raised into numerous low 
longitudinal ridges about 1 cm. long; at their upper ends they become confluent 
and join the distal ends of the larger and less numerous folds lining the vagina 
(fig. 6 5). 

The vagina is separated from the uterus externally by a slight decrease in 
diameter, the diameter of both parts of the genital tract decreasing continuously 
and gently in passing cephalad, and the position of the proximal end of the vagina 
is indicated by the slight bulge caused by the cervix uteri which is readily 


REPRODUCTION IN SOME PINNIPEDIA 461 


recognizable by palpation. The total length of the vagina from the cervix uteri 
to the outside of the hymen is 13 cm. ; its canal is wide and capacious, measuring 
9cm. across when opened longitudinally and spread out; its diameter at its 
upper end is 3cm., at its lower end 4:5cm. The mucous membrane of the 
proximal third of the vagina is raised into four prominent and wide ridges which 


Fig. 5. 


Lobodon carcinophagus. Reproductive tract of nulliparous female, specimen No. 6125. General. 
view of the specimen from the dorsal side. B, ovarian bursae. BL, part of broad ligament. 
C, cornua, diverging and bent ventrally. F, part of the fimbriae protruding through the holes 
in the ovarian bursae ; spread out on the left side. O, position of the ovaries. RL, round 
ligament. U, corpus uteri. V, vagina. 


decrease in size a little round the cervix uteri; they are each about 2 cm. wide 

at their bases and 1 cm. high. In the middle third of the vagina the four ridges 

are cut up by many small transverse and oblique furrows, and in the distal third 

they are cut up by secondary longitudinal furrows to form a large number of high 

prominent ridges with sharply angular summits. A piece of the distal end of the 

urethra, about 9 cm. long, is attached to the ventral wall of the vagina which it 
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penetrates to reach the urinary papilla. It is about 2 cm. in diameter externally 
and has a thick wall; the mucous membrane of the lumen is raised into 
longitudinal ridges. The cut edge of the peritoneum encircles the external wall 
of the vagina a little below the level of the cervix uteri; practically the whole 
of the vagina thus lies in the pelvis caudal to the limit of the peritoneal cavity. 


Fig. 6. 


porte ‘NS H 


Ty 
ME bx 
LP ; yw 

j ( 


wos 


WDS-c% 


L. carcinophagus. Specimen No. 6125. (a) The caudal surface of the dome-shaped hymeneal fold 
and confluent urinary papilla. The cut edge of the urinogenital canal surrounds it. H, hymen, 
with two star-shaped openings. U, urethra. UP, urinary papilla, fused with the hymeneal 
fold. (b) the caudal end of the vagina and the hymeneal dome opened longitudinally on the 
right side. The cut edge of the urinogenital canal surrounds the base of the dome. UP, urinary 
papilla. The upper arrow passes into the lumen of the vagina. The lower arrows pass through 
the holes in the hymen, one on each side of the median division. 
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The body of the uterus is nearly as long as the cornua, measuring externally 
9-5 cm. from the base of the cervix to the bifurcation of the cornua; the right 
cornu is 11-0 cm. long, the left 11-2 cm. (fig. 5). The body is 2-0 to 2-5 cm. in 
diameter and the cornua about 1:0cm.; the former is septate throughout the 
greater part of its length. The cervix is 2-5 cm. in diameter from side to side, 
and 3-0 cm. dorso-ventrally ; the anterior fornix is comparatively shallow, the 
posterior one deeper. The cervix projects into the upper part of the vagina as 
a prominent dome about 2:5 cm. from base to summit. The os externum forms 
a large star at the centre of the dome; it easily admits a rod 8 mm. in diameter, 
and when dilated the external diameter of the funnel is 10cm. The cervical 


Fig. 7. 


wo € 


L. carcinophagus. Specimen No. 6125. The cervix uteri opened by longitudinal incision. CE, cervix 
F, fornix. L. lumen of the left canal of the corpus uteri. OE, external os. U, corpus uteri. 
The arrow passes into the lumen of the right canal of the corpus uteri, on the far side of the 
septum. 


canal is 3:0 cm. long, and its lining is raised into prominent ridges (fig. 7). The 
internal os is not well defined and the septum dividing the body reaches nearly 
to it, being separated by a distance of a few millimetres at most; the cervical 
canal thus communicates directly with the two lumina of the corpus uteri with 
practically no common cavity intervening. The mucosa of the canals of the body 
is raised into longitudinal folds which are continuous with those lining the 
respective cornua. At the point of bifurcation the cornua bend sharply towards 
the ventral surface and then follow sinuous diverging courses laterally. 

The ovaries lie close to the tips of the cornua, and are contained in large 
peritoneal bursae that are almost completely closed except for a small opening 
neareachcornu. The bursae are rather flattened and are oval in outline, measuring 
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4-5 to 5-0 cm. in greatest diameter. The uterine tubes leave the tips of the cornua 
and follow moderately sinuous courses round the greater circumference of each 
bursa, so that the fimbriated funnels lie very close to the points of origin of the 
tubes. A part of the fimbriae projects into the general peritoneal cavity through 
the opening in each bursa near the tip of the cornu, and forms a plug completely 
filling it. In correlation with the close approximation of the ovaries to the tips 
of the cornua the ovarian ligaments are very short. The ovaries measure, right : 
4-0 2-5 X<1-5cm., left: 3-3x2-5x1-5cm.; they contain no corpora lutea, but 
numerous follicles up to 6-0 or 7-0 mm. in diameter are present in both. 

The caudal relations of the broad ligament have been destroyed in removing 
the specimen from the animal, but the ligament appears not to have extended 
caudally far along the body of the uterus. The parts of the broad ligament attached 
to the specimen are wide sheets stretching laterally and caudally from the cornua 
and enclosing the round ligaments; their cut caudal edges lie near the cranial 
end of the uterine body. The bladder appears to have been closely approximated 
to the ventral side of the vagina and uterine body so that, although the dorsal 
lamina of the broad ligament invests the dorsal and lateral surfaces of the uterine 
body, the ventral lamina passed directly from the lateral surfaces of the uterine 
body onto the dorso-lateral surfaces of the bladder, from which it was probably 
again reflected to form the dorsal lamina of the lateral vesicular ligaments. 

Specimen No. 247, Port Lockroy, 27.12.45, figs. 8, 9. 

The specimen comprises the upper part of the genital tract, and includes 12 cm. 
of the cranial end of the vagina which has been cut across some way above the 
hymeneal region, leaving the bladder, and about 1-0 cm. of the urethra below its 
neck, attached to the vaginal wall. Compared with the specimen last described 
all the structures, except the bladder and urethra, are greatly hypertrophied. 

The segment of the vagina, about 12 cm. in length, is a capacious thick-walled 
tube, about 6-0 cm. in diameter, the walls about 0-5 cm. thick (fig. 8). Its lumen 
is lined with irregular longitudinal folds which are cut up by many small transverse 
sulci. The cervix projects into the upper end of the vagina as a dome-shaped 
mass 4-0 cm. in diameter, the large star-shaped os externum being approximately 
ventral. The depth of the posterior fornix is 2-0 cm. that of the anterior 4 cm. so 
that the os is directed postero-ventrally. The cervical canal is 3-5 cm. long, and 
its mucosa is thrown into deep longitudinal ridges which are continuous with those 
in the corpus uteri, so that the internal os is not sharply defined. The unpaired 
part of the corpus uteri between the internal os and the caudal end of the median 
septum is only 1-5 to 2-0cm. in length. The thickness of the cervical wall is 
1-5 cm. at the external os, 2-0 cm. at the internal os. 

The muscular coats of the corpus uteri and of the cornua are enormously 
thickened, and the parts of the ligamentum latum adjacent to the cornua are 
very highly vascularized. The bending of the cornua upon the body of the uterus 
in a ventral direction is very pronounced and each cornu is drawn into the shape 
of a bow, apparently by the failure of the broad ligament to increase in size 
proportionately with the enlargement of the cornua (fig. 9). The external surfaces 
of the corpus and cornua are covered with muscular bundles running longitudinally, 
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transversely, and at intervals in rings, so that an appearance resembling a gnarled 
tree-trunk is produced. Along the convex, anti-mesometrial side of each cornu 
runs a band of fibres of rounded section, and on each side the surface of the cornu 
bulges out as if compressed by it. On the mesometrial side of each cornu the 
muscular wall is greatly thickened, and merges gradually with the broad ligament 
which is much expanded by the presence of a mass of convoluted vessels between 
its laminae. 


Fig. 8. 


\ 


L. carcinophagus. Specimen No. 247. Reproductive tract of a female containing an unattached 
blastocyst, seen from the dorsal surface. B, bladder. BL, part of the broad ligament. 
C, cornua. U, corpus uteri. UR, urethra. V, Vagina. The arrow shows the direction of view 
in fig. 9. 


The septate corpus uteri is 7 to 8 cm. long and about 6 cm. in diameter at the 
level of the internal os, 7 cm. in diameter just caudal to the bifurcation of the 
cornua. The thickness of the wall of the corpus is about 2:0 cm. but towards 
the bifurcation it becomes somewhat less on the ventral side because the lumen is 
displaced ventrally from the central position in this region. The cornua measure 
about 15 cm. in length along their convex surfaces. The ovaries lie close to the 
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ends of the cornua to which they are attached by very short ovarian ligaments, 

and are enclosed in greatly expanded bursae which are rather flattened and 
_ measure, when the creases into which they are thrown are unfolded, about 
8x7 cm. in greater and lesser diameters. The cavities of the bursae are very 
much larger than the contained ovaries which measure only 4-0 x 2-2 x2-2 cm. 


Fig. 9. 


5-cm 


L. carcinophagus. Specimen No. 247. Cranial aspect of the reproductive tract, seen from the 
direction of the arrow in fig. 8, the cornua slightly separated. The left ovarian bursa has. 
been opened and a flap turned back to display its contents. The ventral surface of the specimen 
is at the top of the figure, the dorsal at the bottom. B, ovarian bursae. BL, part of the 
broad ligament. C, cornua. F, fimbriated area on the internal surface of the bursa. FP, part 
of the fimbriae protruding through the hole in the bursa. H, hole in the bursa, seen from 
within the bursa. O, ovary. U, ventral surface of corpus uteri and broad ligament. 


and 3:0x2-5x2-0cm. respectively. The left ovary contains a corpus luteum 
2-5cm. in diameter, and numerous follicles up to 7 mm. in diameter; the right 
contains a corpus albicans 8mm. in diameter, and only one follicle, 2mm. in 
diameter, visible to the naked eye. The uterine tubes follow a sinuous course 
from the tips of the cornua, along the greatest diameter of one side of each 
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ovarian bursa, and return along the opposite side to a point near their origins. 
Parts of the fimbriae extrude through the small opening of each bursa near the 
tip of the cornu, and within the bursa the area from which the fimbriae arise 
extends along the course of the uterine tube for a distance of about 3-0 cm. from 
the opening. 

Caudal to the tips of the cornua and the large ovarian bursae the broad ligament 
extends as a stout sheet on each side of the corpus uteri, to whose ventro-lateral 
surfaces it is attached. The dorsal lamina of the broad ligament closely invests 
the dorsal surface of the corpus, but so little of it remains attached to the 
specimen that its other relations have been destroyed. On each side the uterine 
artery runs in a more or less cranial direction between the laminae of the ligament, 
and cranial to the level of the cervix it becomes extremely sinuous before entering 
the contorted mass of vessels lying in the bow of each cornu and adjoining the 
proximal part of each ovarian bursa. The vascular masses measure about 7 cm. 
in length parallel with the cornua, 4:5 cm. in depth at right angles to them, and 
4-0 cm. in thickness between the laminae of the ligamentum latum. 

In contrast to the thin-walled vagina, with capacious lumen, the cornua and 
corpus uteri have very thick walls 1-0 to 1-5cm. in thickness and a merely 
potential lumen. The mucosa is raised into small longitudinal ridges the surfaces 
of which are in apposition so that the lumina are represented, in transverse section, 
only by star-shaped slits 5mm. across. The thickened walls are very highly 
vascularized. In the left cornu, about equidistant from its ends, lay an unattached 
blastocyst round which the mucosa was moulded into a spherical hollow. The 
large corpus luteum in the left ovary evidently corresponds with the blastocyst, 
and the animal was in an early post-ovulatory stage of the sexual cycle. Apart 
from the presence of the blastocyst the macroscopic appearance of the two cornua 
was indistinguishable. 

Specimen No. 246, 3.1.46, Port Lockroy. No field notes, figs. 10, 11, 12, 13. 

The specimen comprises the upper part of the genital tract, and includes about 
an inch of the proximal end of the vagina. Most of the vagina, all of the 
urinogenital canal, and the external genitalia have been removed. 

The wall of the fragment of vagina is 0-4 to 0-5 cm. thick, and the lining mucosa 
is raised into nine or ten longitudinal ridges about 3 mm. in height. The corpus 
uteri is 12 cm. long and 6-5 cm. wide, being flattened dorso-ventrally ; its external 
surface is deeply furrowed on the dorsal side by a number of longitudinal grooves 
(fig. 10). The peritoneal covering of the corpus is reflected at the level of the 
caudal end on the ventral surface, and about 2 cm. cranial to this level on the 
dorsal surface, the approximate position of the cervix being marked externally 
by the line of reflection. The cervix is about 2 cm. in diameter, the dorsal fornix 
being only about 0-5 cm. deep while the ventral fornix has a depth of nearly 
2-0cm.; the dome of the cervix is thus set obliquely with relation to the axis 
of the uterine and vaginal canals, and the external os is directed ventrally and 
posteriorly. The wall of the cervical canal is about 1-3 cm. thick, the length of 
the canal is 13 to 14 mm., and its lumen, whose lateral surfaces are in apposition, 
is 4 to 5mm. in diameter. The internal os is inconspicuous and appears as a 
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median slit, 4 to 5mm. in length antero-posteriorly, with the lateral surfaces 
opposed and its edges starred. The cervical canal is lined by a mucosa which is 
raised into longitudinal folds up to 5mm. in height; its cranial end is defined 
by the ends of the ridges at a point where another series lining the lumen of the 
corpus uteri takes its origin. 1 

The cavity of the corpus uteri is septate for the greater part, the length of the 
single canal caudal to the septum being about 4cm. The lumen of this canal is 


Fig. 10. 


L. carcinophagus. Specimen No. 246. Dorsal aspect of the upper part of the reproductive tract. 
The specimen contained an unattached blastocyst. B, ovarian bursa. C, cornu. F, part 
of the fimbriae protruding through the hole in the bursa. U, corpus uteri. V, upper end of 
the vagina. 


small, being less than 5 mm. in diameter, and its dorsal and ventral surfaces are 
in apposition. In contrast the walls of the corpus uteri are very thick and are 
not sharply defined from the broad ligament at each side, where they merge with 
the mass of hypertrophied tissue and vessels lying between its laminae. The 
mucosa of the lumen is raised into longitudinal ridges not more than 3 to 4mm. 
in height at their highest, and closely resembling those of the cervical canal. At 
the caudal end of the septum, some 5 to 6 cm. caudal to the external bifurcation 
to the cornua, the cavity becomes double but is otherwise unchanged for a distance 
of 2cm. At this level the ventral wall of the uterus begins to increase in thickness 
and the dorsal wall to diminish, so that the lumen approaches the dorsal external 
surface although the total diameter of the organ is unchanged. At a level 5 cm. 
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cranial to the caudal end of the septum the dorsal wall reaches a minimum thickness 
of 3 mm. and at this point the canals divaricate to form the cornua. 

- The uterine cornua are greatly swollen and bent ventrally at right angles to. 
the axis of the corpus uteri, forming a V as they separate to run towards the 
ovaries. The left cornu is about 9 cm. in length, 2:5 cm. in breadth and 3-0 cm. 
in its mesometrial—antimesometrial diameter ; the corresponding measurements. 
for the right cornu are 10-0 x 2-5 x 4-5 cm. the lengths being measured in a straight 
line ignoring the curves (fig. 11). The lumen of each cornu is small, being not 
more than about 5mm. in diameter, and the longitudinal ridges of its mucosa 
are continuous with those of the corpus uteri. The ridges increase slightly in 


Pigs lt. 


L. carcinophagus. Specimen No. 246. Cranial aspect of the urinogenital tract, the left ovarian 
bursa opened to display its contents. Cf. fig. 9. B, ovarian bursae. C, cornua. F, part of 
fimbriae protruding from bursae. O, ovary. 


height in the proximal part of the cornu, and in its middle third they are broken 
up by transverse sulci reaching quite to their bases. The lumen lies eccentrically 
towards the antimesometrial side of the cornu, the mesometrial side being greatly 
enlarged by a mass of convoluted vessels entering from between the laminae of 
the broad ligament (fig. 12). 

The ovaries lie close to the tips of the cornua to which they are attached by 
very short ovarian ligaments, and lie in capacious bursae that are closed except 
for a small opening at their uterine ends, through which parts of the fimbriae 
protrude into the peritoneal cavity. The bursae measure, when their folds are 
smoothed out, about 6x43 cm., the ovaries being only 3-5 x 2-8 x2-5 cm. (left) 
and 3:5 x2-4x1-6 cm. (right) in size. The uterine tube follows a course in the 
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lateral wall of the bursa to the end of the long axis, and returns in the dorso-medial 
wall to open into the cavity of the bursa near its uterine angle. The fimbriae 
fan out over an area about 2-0cm. square adjacent to this angle, and the 
infundibulum opens towards the edge remote from the cornu. The fimbriae are 
contorted ridges rising to a height of about 5-0 mm., and are continuous with the 
complex ridges which line the minute lumen of the uterine tube. Parts of the 
fimbriae of greater length project from the opening of the bursae, and to this 
projecting part on both sides of the body there is attached a hydatid cyst 
6 to 8 mm. in diameter. 

The right ovary contained numerous follicles up to 1mm. in diameter and 
three larger ones, the largest being 5 mm. in diameter. The surface of the ovary 
was smooth, but several of the larger follicles caused slight protuberances. There 
was also a regressing corpus lutem which was not sufficiently atrophied to be 


Fig. 12. 
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L. carcinophagus. Specimen No. 246. ‘Transverse section of a uterine cornu to show the small 
lumen, and the mass of vessels on the mesometrial side. LL, lumen. M, mesometrium. 
V, vessels. 


‘classified as a corpus albicans. It was 1-3 cm. in diameter and contained a central 
cavity of pyriform shape 6x3 mm. in greater and lesser diameters; the cavity 
was filled with a coagulum and was lined by a thick layer of white tissue. 

The left ovary contained a few follicles up to 1 mm. in diameter and seventeen 
larger ones, the largest two being 8mm. in diameter. Although this ovary 
contained many more large follicles than the other, its surface was smooth and 
rounded and the follicles did not protrude. A large proportion of this ovary 
consisted of an elongated corpus luteum of recent origin measuring 3-0 cm. in. 
length and 1-9cm. in transverse diameter. It was light brown in colour and 
contained an eccentric cavity 8 x6 mm. in size, filled with a pale yellow, but not 
blood stained, coagulum. There was no surface scar at the point of rupture of 
the follicle from which this corpus luteum had arisen. The product of the 
ovulation which had produced this corpus luteum lay in the left uterine cornu. 
At a distance of 2:0 cm. from the tip of the cornu, and 4cm. from the external 
junction of the cornua lay an unattached blastocyst 1-5 mm. in diameter. Although 
unattached it was lying in a slightly more than hemispherical depression of the 
mucosa on the mesometrial side (fig. 13). The depression lay at the summit of 
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one of the longitudinal ridges of the mucosa and the part of the blastocyst. 
projecting from the hollow had produced small rounded facets on the adjacent. 


L. carcinophagus. Specimen No. 246. Part of the surface of the mucosa in one cornu, showing the 
site of the blastocyst. The lumen has been exposed by longitudinal incision and spreading 
out the wall. The three folds shown were originally in contact; the central one bears the 
cavity that contained the blastocyst, and the side ones are facetted by the part of the 


blastocyst that projected from the cavity. 


ridge of each side. On cutting out a block of the mucosa in order to prepare 
sections the blastocyst fell out of the hollow, so that it and its nidus were sectioned 


separately. 


2. Leptonychotes weddelli (Lesson). Weddell Seal. 

The collection contains specimens of the complete genital tract from four seals, 
two non-parous animals just reaching sexual maturity, one about four months 
pregnant, and one early post-partum. The bulk of these specimens was preserved 
in salt but parts of them, such as the ovaries, had been removed and preserved 
in Bouin’s fluid. In addition there are small fragments of the organs from four 
other adults, at least one post-partem, and from one young animal, probably 
a yearling. A few details of gross anatomy can be learnt from the latter, but 
they, with small pieces of tissue from five further animals, are mainly of value 


for histological investigation. 

(a) Specimen 6153, 12.11.45, Grunden Rocks. “ Length 224 cm. (7 ft. 4 in.). 
Small scars on flanks. Shot on ice foot near Grunden Rocks, Hope Bay.” Right 
ovary and part of cornu and small piece of vagina fixed in Bouin’s fluid; the 
rest of the genital tract preserved complete in salt (fig. 14). 

(6) Specimen 6157, 16.11.45, Grunden Rocks. “ Length 228-6cm. Small scars 
on flanks; all old. One small fresh scar on back. Stomach full of well-digested 
fish. Seal had hauled out on ice-foot near small islands.” One ovary and part 
of adjacent cornu, and a piece labelled “‘ vagina” fixed in Bouin’s fluid: this 
is, however, a piece of the corpus uteri from a position just cranial to the os 


internum. The rest of the genital tract preserved complete in salt (fig. 15). 
3 Q2 
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Both these seals are nulliparous, and were probably two years old and about 
to enter on their first breeding season. The two specimens are described together 
in the following paragraphs. 

The distal end of the urinogenital canal shares a common cloacal opening to 
the exterior with the anus, the depth of the cloacal cavity being 3 to 4cm. In 
the ventral wall of the cloaca there is a depression of semi-navicular shape about 
2 cm. in length, in which lies the conical clitoris, rather less than 1 cm. long and 
bearing a longitudinal groove on its exposed face (fig. 14a). The two lateral 
folds separated by the central groove of the clitoris become lost among the 
longitudinal folds of the urinogenital canal ; they are, presumably, the homologues 
of the labia minora of other mammals. In specimen 6157 the exposed surface of 


Fig. 14. 
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_Leptonychotes weddelli. Specimen No. 6158. (a) Distal end of the floor of the cloaca, showing the 
clitoris in its preputial depression, the small labial folds, and the limits of the pigmented area. 
The urinogenital canal lies to theyright, the external opening towards the left. B, Diagrammatic 
longitudinal section to show the relations of the hymen and urinary papilla. H, hymeneal 
folds. UGC, lumen of urinogenital canal. UP, urinary papilla, traversed by the urethra. 
V, lumen of the vagina. 


‘the clitoris is 7mm. long, and that in apposition with the wall of the preputial 
depression is 14 mm. long; the pigmentation does not extend into the depression. 
The pigment of the external skin extends into the cloaca nearly as far as the level 
of the base of the clitoris where it stops short at a well-defined line. The limit 
of the hair-covered area lies at the level of the apex of the clitorideal depression, 
the proximal hairs being short and silky. The length of the urinogenital canal, 
from the limit of pigment to the hymeneal fold, is 10 cm. (6157) to 11 cm. (6153) ; 
the lining of the canal is thrown into numerous deep and irregular longitudinal 
folds. In specimen 6157 the wall of the canal is 5 cm. wide when slit longitudinally 
and spread out. The hymen is a thick fleshy fold at the level of the urinary papilla 
and forms a diaphragm almost completely occluding the entrance of the vagina. 
It is not directly transverse to the lumen, but extends obliquely in a cranial 
direction from its ventral attachment at the base of the urinary papilla to its 
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dorsal confluence with the wall of the canal. On the dorsal side there is thus 
formed a comparatively deep fornix extending cranially from 2 cm. (6157) to 4cm. 
(6153). The urinary papilla is about 8 mm. long (6153), and its dorsal surface merges 
with the hymeneal fold from which it is demarked by a shallow groove (fig. 14). In 
specimen 6157 (fig. 15 a) the papilla is more flattened and less distinctly separated 
from the ventral wall of the canal, but its dorsal limit is similarly marked by a 
groove. In specimen 6153 the hymen is perforated by a single, more or less central, 
opening several millimetres in diameter, but in specimen 6157 there are two openings 
(fig. 15a). The larger of these is irregular in shape, about lcm. in greatest 
diameter, and lies to the left of the median line rather more than 1 cm. dorsal to 


Fig. 15. 


L. weddelli. Specimen No. 6157. (a) Distal surface of the hymen and urinary papilla. On the right 
the wall of the urinogenital canal presents a cut edge; on the left it is reflected and displays 
the longitudinal ridges. H, hymen, the smaller hole lying above, the large immediately below 
the pointer. UP, urinary papilla, partly fused with the hymen. UR, meatus of the urethra. 
(6) Diagrammatic longitudinal section through the cervix uteri, showing the deep ventral 
fornix. The lumen of the vagina lies to the right, that of the corpus uteri to the left. 
(c) Vaginal aspect of the cervix uteri, showing the star-shaped external os, and absence of 
dorsal fornix. 


the urinary papilla; the smaller, about 4mm. in greatest diameter, lies in the 
median line a few millimetres dorsal to the larger one. This double hymeneal 
perforation is somewhat similar to the condition found in the nulliparous 
Crabeater Seal No. 6125. 

The length of the vagina in specimen 6153 is 13 cm.; its mucosa is raised into 
high, close-set, longitudinal ridges in the distal two-thirds. In the proximal 
third the ridges become large flattened folds which tend to be broken up by 
transverse grooves. In specimen 6157 the length of the vagina is 14 cm., and the 
width of its wall 3 to 4cm. when slit open longitudinally and spread out. The 
mucosa of the distal 5 cm. is raised into longitudinal ridges, that of the remainder 
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is smooth with a few longitudinal furrows; the lumen contained a mass of 
coagulated mucus. 

In both specimens a well-marked cervix projects into the vagina, more 
symmetrically in specimen 6153 than in 6157. In the former both ventral and dorsal 
fornices are about 1 cm. deep, but in the latter the ventral fornix is 12 mm. and 
the dorsal 21 mm. deep. The external os is a minute aperture from which radiate 
several small grooves, and in specimen 6157, owing to the unequal depths of the 
ventral and dorsal fornices, it is directed dorsally (fig. 15b,c). The cervical canal 
is about 2.cm. in length, its mucosa thrown into small longitudinal ridges; the 
internal os is marked only by the ends of the ridges and the origin of the rather 
wider ridges of the uterine mucosa. The corpus uteri in both specimens measures 
9 cm. in length from the cervix to the external bifurcation of the cornua, but its 
undivided cavity distal to the caudal end of the septum is 2cm. long in 6153, 
4 cm. long in 6157. In both specimens the ridges of its mucosa are continuous with 
those of the septate part and of the cornua. 

In specimen 6153 the left cornu measures 13 cm. in length; a reliable measurement 
of the right cornu is not possible because it has been divided for preservation by 
different methods. In specimen 6157 the right cornu is 11 cm. in length, the left 
75cm. In both specimens the cornua diverge from the point of bifurcation and 
curve gently in a dorsal direction, showing no sign of the pronounced ventral 
bending seen in the specimens from the Crabeater Seals. The ovaries lie close to 
the tips of the cornua to which they are attached by very short ovarian ligaments. 
The ovarian bursae, though roomy, invest the ovaries much more closely than 
in the other specimens ; the uterine tubes traverse the lateral and dorsal walls 
of the bursae, the infundibula opening in the uterine corners of the bursae, and 
parts of the fimbriae projecting through the small adjacent aperture of the bursae 
into the peritoneal cavity. Both ovaries of both specimens show considerable 
activity and are heavily vascularized, especially in the neighbourhood of the 
hilum. There are no corpora lutea or albicantia, but many small follicles are 
present, and there are up to twenty follicles from 2mm. to 10 mm. in diameter 
in each ovary. 

Specimen No. 6006x, 31.3.45, Seal Point, Hope Bay. Complete genital tract, 
containing a foetus of about four months, preserved in salt. The salt, and the 
grease which has permeated the specimen, have made it very hard, brittle, and 
difficult to examine. The relations of the different parts are further obscured by 
the very heavy vascularization both of the hollow organs and of the broad 
ligaments (figs. 16, 17). 

The pigmented skin extends into the cloaca for a distance of 2cm. and is 
covered with hair almost to its internal limit. The distal half of the preputial 
pouch lies in the pigmented area; the exposed surface of the clitoris is 1 cm. in 
length. The urinogenital canal is 16-5 cm. in length from the proximal end of the 
cloaca, as defined by the position of the anus, to the fornix dorsal to the 
hymen ; its mucosa is raised into large longitudinal ridges. The urinary papilla 
and the thick hymen are confluent into a conical fleshy mass projecting into the 
upper end of the urinogenital canal (fig. 16). Dorsally the surface of this mass 
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is free, so that a deep fornix is formed between it and the dorsal wall of the 
canal; ventrally the mass is fused with the wall of the canal for the greater part 
of its length, so that the ventral fornix is comparatively shallow. The free 


Fig. 16. 


AES 


i, 


: b 

nar ee. a - 
3 5cm 
L. weddelli. Specimen No. 6006x, female about four months pregnant. Hymeneal fold and urinary 
papilla. (a) Distal surface, showing the three-limbed opening, and the urinary papilla fused 
with, and merging into, the hymeneal fold. The cut edge of the wall of the urinogenital canal 
surrounds the fold. R, longitudinal ridges of the urinogenital canal fusing with the urinary 
papilla. UR, meatus of the urethra. (6) The same seen from the left side. UR, indicates 
the site of the urethral meatus, just out of sight on the right side of the median line. V, distal 


end of vagina. 


ventral part represents the urinary papilla, which is not sharply demarcated from 
the rest of the mass. The large ridges of the mucosa of the ventral side of the 
canal fuse with the ventral part of the mass, but on the lateral and dorsal sides 
they decrease in size and fade out distal to the fornices. The projecting mass 
is 5 cm. in length along its dorsal surface, 4-5 cm. wide, and 3-5 cm. thick 
dorso-ventrally. It is penetrated by a star-shaped opening with three arms each 
about 2 cm. long meeting at a point to the right of the mid-line on the free dorsal 
surface ; two arms are directed dorso-laterally, the third ventrally. The urethra 
is a median slit lying on the short free ventral surface below the apex of the cone. 

The vagina is 21 cm. long, the mucosa for the greater part of its length raised 
into longitudinal folds which break up into transverse ridges in the proximal part 
near the cervix. The latter is dome-shaped and projects into the proximal end 
of the vagina so that fornices about 2 cm. in depth are formed. The cervical canal 
is about 5 cm. in length, and the non-septate part of the corpus uteri about 4 cm. ; 
the mucosa of both is raised into narrow longitudinal ridges. The septate part of 
the corpus uteri measures 12 cm. in length to the beginning of the swelling formed 
by the pregnant cornu. The pregnancy lies in the left cornu which is greatly 
distended, and has pushed the much smaller right cornu dorsally and to the right 
(fig. 17). The pregnant cornu measures 241312 cm.; its long axis lies 
transversely to that of the body of the animal, and the cornu as a whole lies 
ventral to the bifurcation of the cornua. The distension caused by the conceptus 
affects the anti-mesometrial surface almost exclusively ; the mesometrial surface, 
being bound down by the broad ligament, has increased little in length so that 
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the tip of the cornu, the ovarian bursa, and its contents, lie on the dorso-lateral 
surface not far from the corpus uteri. A similar hypertrophy has affected the 
sterile cornu, though to a much smaller extent ; it measures 11 x42 cm. and is 
swollen and pouch-like, so that its lumen is about 4 cm. in diameter. Its mucosa 
is irregularly folded, and it is about one-third filled with coagulum. The walls. 
of the cornua, especially on the mesometrial sides where they are not stretched, 


Fig. 17. 


L. weddelli. Specimen No. 6006x. Dorsal aspect of the uterine cornu, the pregnant left cornu lying 
ventral to the sterile one. B, ovarian bursae. That of the left side has been opened to display 
the ovary ; in that of the right side the position of the ovary is indicated by the dotted line. 
FT, part of the uterine tube. LOP, ligamentum ovarico-pelvicum. O, ovary. PC, pregnant 
cornu. SC, sterile cornu. U, cut surface of the corpus uteri, showing right and left lumina. 


are very highly vascularized with a mass of contorted vessels ; the anti-mesometrial 
side and the adjacent surfaces of the pregnant cornu, stretched over the conceptus, 
are thin and vascularized by slightly sinuous, but not contorted, vessels radiating 
from the mesometrium. 

The ovarian bursae which are entirely closed, save for a small opening through 
which parts of the fimbriae project near the attachment of the ovarian ligament, 
are very large, and much more capacious than is necessary to contain the ovaries. 
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They measure 14 x6 cm. when unfolded and flattened out, and have thick walls, 
the uterine tubes passing round their circumference near their attached ends 
and not extending to the apices. The hypertrophy of the bursae has therefore 
mainly affected the part distant from the ovarian hilum, the bursa being as it 
were inflated beyond the ring formed by the uterine tube. The ovaries are 
large, the left measuring 5 x4 x2 cm. the right 4x1-51cm. The left ovary, that 
of the pregnant side, contains a corpus luteum 331-5 cm. in size, several 
small follicles, and two large ones, 5 mm. and 10 mm. in diameter respectively. 
The right ovary contains one corpus albicans 1 cm. in diameter, several small 
follicles, and one 8 mm. in diameter. 


Specimen No. 6136, 5.11.45, Duse Bay. “ Lactating; the accompanying pup 


4 ft. 8 in. long. The stomach of the cow about half full of nototheniid fishes ; 
no scars on hide.”” The right ovary and a section of the vagina preserved in 


Fig. 18. 
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L. weddelli. Specimen No. 6136. Post-partum female. The hymeneal fold and fused urinary papilla, 


the whole much flattened. (a) Distal surface of the fold, showing the three-limbed aperture. 
The cut edge of the wall of the urinogenital canal is reflected dorsally ; the wall shows the 
longitudinal ridges ventrally. The dotted line shows the extent of the fornix beneath 
the overlapping edge of the hymen. X indicates the position of the urethral meatus beneath 
the overlapping edge. (b) Right side of the same, showing one limb of the opening in the 
hymen, and the urethral meatus, M. 


Bouin’s fluid, the rest of the genital tract preserved in salt (figs. 18, 19, 20). 
A field-note accompanying this specimen states that the right horn of the uterus 
was rather swollen and definitely larger than the left. It was opened, and at 
about the middle of its length a transverse band of the mucosa about 1-5 in. wide 
was much folded and contrasted conspicuously with the comparatively smooth 
mucosa of the rest of the cornu. A transparent whitish vesicle about 1-5 mm. in 
diameter lay on the surface of the folded area. The vesicle was preserved separately 
because it was thought to be a blastocyst ; this specimen has unfortunately gone 
astray and cannot now be traced. Examination of the rest of the genitalia, 
however, does not support the suggestion that this object was an early embryo ; 
the ovaries contain no young corpus luteum, and the large ripening follicles indicate 
an approaching oestrus. The area of folded mucosa was the placental scar remaining 
from the recent pregnancy, and the vesicle was probably a small cystic uterine 


gland such as those described elsewhere in this report (see p. 515). 
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The pigmented skin extends within the cloaca for a distance of about 2 cm., the 
outer half of which is covered with fine hairs. The inner edge of the pigmented 
area is sharply marked and sinuous. The preputial pouch extends to, but does 
not encroach upon, the edge of the pigment. The exposed surface of the clitoris 
is 4 mm. long, but, owing to the depth of the pouch, the opposite surface is 17 mm. 
in length and 10 mm. wide at its base. Two labial folds extend from near the 


Fig. 19. 
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DL. weddelli. Specimen No. 6136. Post-partum female; cranial end of the reproductive tract seen 
from the left side. B, ovarian bursa. BL, part of the broad ligament filling the bow on the 
mesometrial side of the cornu. F, parts of the fimbriae protruding through the hole in the 
bursa. FT, part of the uterine tube. LC, left (sterile) cornu. ROC, right (recently pregnant) 
cornu. U, corpus uteri. 


apex of the clitoris onto the mucosa of the urinogenital canal where they are lost 
within a distance of 2 cm. 

The urinogenital canal is 13 cm. in length from the edge of the pigment to the 
level of the hymen. Its mucosa is thrown into a few large longitudinal folds on 
which are superimposed a large number of small ones. The hymen and urinary 
papilla are confluent and form a large fleshy mass projecting into the proximal 
end of the urinogenital canal, so that fornices 2 to 3 cm. deep are formed 
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(fig. 18). The urethral meatus lies in the ventral fornix, covered by the 
projecting hymeneal fold, with which the urinary papilla is fused. The hymeneal 
opening is a three-pointed star, the rays, each about 2 cm. long, meeting 
approximately in the centre. 

The vagina is 14 cm. long, and its mucosa is thrown into deep longitudinal folds, 
the whole cut up into irregular lobes and ridges by subsidiary sulci. The cervix 
is 3-5 cm. in diameter and projects into the vagina as a rounded cone, forming 


Fig. 20. 
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L. weddelli. Specimen No. 6136. Post-partum female ; left (sterile) cornu, and the ovarian bursa 
opened to display its contents. B, ovarian bursa. BL, part of the broad ligament. F, part 
of the fimbriated area within the bursa. FT, part of the uterine tube. LC, left cornu. LOP, 
ligamentum ovarico-pelvicum. O, ovary. OL, ovarian ligament. RO, right (recently pregnant) 
cornu. U, corpus uteri. 


deep fornices, the dorsal 5 cm. and the ventral 4 cm. in length. The large lacerated 
os externum splits almost the whole of the dorsal surface nearly to its base. The 
cervical canal is 5 cm. long, and its mucosa forms prominent longitudinal ridges 
and isolated tags. The non-septate part of the corpus uteri is 3-5 cm. in length 
and has a narrow lumen; the septate part is 9 cm. long; the mucosa of both 
parts forms small longitudinal ridges. The walls of the corpus uteri are thick 
so that, though the lumina are small, the external diameter of the organ is 6 cm. 
Both the cornua are swollen and are in process of involution following a recent 


parturition. The left cornu (fig. 19), which had been the sterile one, measures 
3R2 
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6 cm. in length; the right, which had held the pregnancy, 13 cm. in length and 
6 cm. in breadth. Both cornua are bowed, the anti-mesometrial surfaces being 
convex, and the curves of the concave mesometrical surfaces being filled 
with a mass of regressing vessels. The mucosa in both cornua has a smooth 
surface broken up by shallow sulci into small irregular areas of about a square 
centimetre each. In addition, the mucosa of the formerly pregnant cornu shows 
a placental site in the form of a transverse band about 2 cm. wide in which the 
mucosa is raised into a large number of small irregular longitudinal ridges. The 
medial end of the convex surface of the right cornu slightly overlaps that of the 
left, showing that when fully distended by the foetus it had lain ventral to that 
cornu. The ovaries, closely applied to the tips of the cornua, lie in very roomy 
bursae, about 105 cm., which are encircled by the uterine tubes near their 
attached ends (figs. 19, 20). Parts of the fimbriae project through a small hole 
near the ovarian ligament. The walls of the bursae are thick and vascular. 

The right ovary measures 3:5 2-3 x2-2 cm., and contains a corpus luteum 
1-3 cm. in diameter, and six follicles up to 1-5 mm. in diameter but none larger ; 
it is fairly well vascularized, especially in the neighbourhood of the corpus luteum. 
The left ovary measures 32-51 cm.; it contains no corpus luteum, but two 
large follicles 6 and 8 mm. in diameter respectively, nine 2 to 4 mm. in diameter 
and thirteen 1 to 2 mm. in diameter. The corpus luteum in the right ovary is 
that of the late pregnancy and not that of a post-partum ovulation. The next 
ovulation was not due until mid-November, at least a fortnight after the animal 
‘was killed ; the vesicle reported by the field note as present in the uterus could 
therefore not have been an early embryo. 

Specimen No. 6137, Grunden Rocks, Hope Bay, 7.11.45. ‘“‘ Young cow seal, 
length 203 cm.”. Ovary and fragment of uterine cornu, small piece of vagina, 
and urethral papilla preserved in Bouin’s fluid. This seal was probably a yearling, 
but may have been two years old coming up to its first breeding season; the 
specimen is too incomplete to give definite information, one ovary only having 
been preserved. The ovary measures 2-4 x 1-7 x0-9 cm., and contains no follicles 
as much as 1 mm. in diameter ; it is obviously inactive, but a similar state cannot 
be inferred for the other which was discarded. The urinogenital papilla is very 
small compared with that of the fully adult specimens ; it is only 2 mm. in diameter 
and 1 mm. in length, the starred meatus occupying all of its free end. 

For comparison with these antarctic seals a brief description is here added of 
the reproductive tract in the Grey and Common Seals of British seas. 


Halichoerus grypus (Fabricius). Grey Seal. Pembrokeshire coast. October, 
1946. Nearly complete tract of a young nulliparous adult, the distal end of the 
urinogenital canal missing (fig. 21). 

The proximal 1-5 cm. only of the urinogenital canal is present ; its mucosa is 
raised into numerous longitudinal folds. The large urinary papilla fills most of 
the lumen of this end of the canal; it is mamilliform, its dorsal free surface 
measuring 1-8 cm. in length, its ventral one 0-8 cm., its greatest width is 1-0 cm. 
and dorso-ventral axis 1-3 cm. Its exposed surface is covered with irregular sulci, 
and the meatus is a longitudinal slit to the right of the median line. At the 
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attachment of the ventral surface the median ridge of the mucosa is enlarged 
and forms a fleshy frenulum. The length of the urethra is 5 cm., that of the 
contracted bladder 9 cm., and of the urachus 11 cm. (figs. 21 a, b,c). Immediately 
dorsal to the base of the urinary papilla lies the entrance of the vagina, reduced 
to a small transverse opening of irregular shape by prominent hymeneal folds. 


Fig. 21. 


WIG-c . 


WIS-% 


b G e 


Halichoerus grypus. Nulliparous adult female. (a) Proximal end of the urinogenital canal, looking 

cranially along the axis of the lumen. The urinary papilla fills most of the lumen of the distal 

A end ; around it lie the longitudinal ridges of the urinogenital canal, and the cut edge of the 

wall of the canal surrounds the whole. H, hymeneal folds on the dorsal side of the papilla. 

M, urethral meatus. V, entrance to the vagina, between the hymeneal folds and the dorsal 

surface of the papilla. (b) Lateral view of the urinary papilla, showing the right side. 

FR, ventral fraenum. (c) Diagrammatic longitudinal section to show the relations of the 

urinary papilla and hymeneal folds. The lumen of the urinogenital canal lies above, that of 

the vagina below. The urethra traverses the urinary papilla. (d) The vagina and proximal 

end of the urinogenital canal laid open along the dorsal surface. C, cervix uteri. H, hymeneal 

fold. M, urethral meatus. UP, urinary papilla. V, vagina. (e) Diagrammatic longitudinal 

section to show the relations of the cervix uteri. The lumen of the vagina is above, that of the 
corpus uteri below, the dorsal surface is to the right. 


The vagina is 6-5 cm. long, and the mucosa of its distal two-thirds is raised into 
longitudinal ridges the enlarged distal ends of which form the hymeneal folds 
(fig. 21d). The mucosa of the proximal third is cut by deep transverse sulci into 
lobes covered with fine longitudinal ridges. The cervix projects into the proximal 
i end of the vagina as a papilla 0-9 cm. in diameter bulging up into the lumen from the 
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ventral surface, the external os being a longitudinal pit at its centre (fig. 21 e). The 
cervical canal is only 5 mm. in length, and the internal os is not sharply marked. 

The non-septate part of the uterine body is 1-7 cm., in length, the septate part, 
from the distal end of the septum to the external bifurcation of the cornua, is 
45cm. The lengths of the cornua from bifurcation to tips are, left 7-5 cm., right 
8-0 cm. The cornua divaricate from the bifurcation approximately in the plane 
of the long axis of the corpus uteri and vagina ; they are not bowed in a ventral 
direction. Both the corpus and cornua are lined by mucosa bearing small 
longitudinal ridges ; the lumina of the cornua and of the septate parts of the body 
are not more than 2 mm. in diameter. The ovaries lie close to the tips of the cornua, 
attached by short ovarian ligaments ; they measure, left 2-91-61 cm., right 
3 x1-5x1 cm. and contain no corpora lutea, or follicles over 1 mm. in diameter. 
They lie in large bursae about 5 x3 cm. in length and depth, each of which opens 
by a small hole, through which the ovarian ligament passes, near the tip of the 
cornu. The uterine tube passes round the bursa between the internal and external 
laminae, the uterine half coursing latero-dorsally and the infundibular half 
ventro-medially ; the fimbriae lie close to the opening of the bursa but do not 
protrude through it. 


Phoca vitulina L. Common Seal. ° Freeman’s Channel, the Wash. July, 1947. 
The complete reproductive tract from a young, sexually immature, female, 
97-0 cm. in length (fig. 22). 

All the structures of the reproductive tract are small and are flattened 
dorso-ventrally, probably through the pressure of neighbouring viscera, the 
animal having been preserved whole by injection, and the organs left im situ. 
The cloaca, lined by pigmented skin, is little more than 1 cm. deep, and the 
urinogenital canal slightly less than 4 cm. in length. The outer part of the 
pigmented cloacal skin is covered with fine hairs ; the preputial pouch encroaches 
on the pigmented area, and its distal end is bordered by hairs rather longer than 
the others within the cloaca. The urinary papilla is a rounded cone, 0-7 cm. in 
greatest width, the urethra opening on the dorsal side of the apex. The attached 
ventral surface of the papilla is shorter than the free dorsal one, and the median 
ventral ridge of the numerous ridges lining the urinogenital canal meets its ventral 
surface to form a junction resembling a fraenum (fig. 22 a, b). 

Dorsal to the urinary papilla a bulging hymeneal fold projects into the 
urinogenital canal, the entrance to the vagina lying between the fold and papilla. 
The vagina is 3-3 cm. long, and the dorso-ventrally flattened cervix projects into 
its anterior end for a distance of 8 mm. In the caudal half of the vagina the 
mucosa is raised into longitudinal ridges; in the cranial half into low transverse 
ones. The cervical canal is 5 mm. long, and the septate part of the uterus only 
2mm. The length of the corpus uteri to the external bifurcation is 4 cm. and that 
of the unstretched cornua in situ is also 4 cm. They are not bent anteriorly with 
respect to the corpus uteri, but divaricate approximately in the plane of the axis 
of the corpus uteri and vagina. The ovaries lie in bursae which closely invest 
them and communicate with the peritoneal cavity only by small holes at the 
point where the ovarian ligaments join the cornua. The ligaments are very short 
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so that the ovaries are close to the tips of the cornua. The uterine tubes run 
round the external sides of the bursae, cross their cranial ends, and open at the 
infundibula on their medial sides; the fimbriae reach to the openings of the 
bursae, but do not project through them. The ovaries measure 2-5 1:2 x1 cm. 
and contain no corpora lutea or follicles visible to the naked eye. 


Fig. 22. 


UP 
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Phoca vitulina. Distal part of the urinogenital tract of an immature female. (a) The vagina and 
urinogenital canal opened along the dorsal side. ©, cervix uteri, the arrow penetrates the 
external os. CL, clitoris in its preputial depression. H, hymeneal ridge, dorsal to the urinary 
papilla. The arrow penetrates the entrance of the vagina. UGC, urinogenital canal, lined 
with longitudinal ridges. UP, urinary papilla, with terminal urethral meatus. (b) Cloaca, 
urogenital canal and lower part of the vagina opened longitudinally and seen from the left 
side. CL, clitoris. H, hymen. L, anus. R, rectum. UGC, urinogenital canal. UP, urinary 
papilla, traversed by the urethra. V, lumen of the vagina. 


For further comparison, notes are here added on the reproductive tract in the 
Southern Sea-lion, Otaria byronia (De Blainville). These notes are made from 
four specimens preserved in salt and described, after being soaked in fresh water 
and transferred to spirit, by Hamilton (1939b). This author gives a full 
description of specimen No. WS 475, and refers to No. WS 447. 

In all four specimens the clitoris is much shorter and broader, and its apex is 
more rounded than in the phocid seals described above. The preputial sac is much 
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larger than in those seals, the labial folds which form it being thick and fleshy. 
The development of the hymeneal fold is not equal in all specimens ; in WS 465 
and WS 520 the hymen is a low fold about 2 mm. high demarcating the urinogenital 
canal from the vagina. In WS 447 it is a fleshy ridge protruding into the cranial 
end of the urinogenital canal and resembling the cervix of the uterus, as in most 
of the phocids examined. In WS 433 it is intermediate, forming a comparatively 
low fold round the lumen, and does not resemble the cervix uteri in shape. In 
WS 447 the urethral meatus lies in a sulcus concealed by the overlapping hymeneal 
fold; in the three other specimens it lies on a mamilliform papilla immediately 
caudal to the hymen. 

In all specimens the vagina is comparatively short, being about equal in length 
to the urinogenital canal; its mucosa is raised into prominent longitudinal folds, 
and its lumen is capacious. The cervix uteri is prominent in all, and is surrounded 
by deep fornices. The cornua are about equal in length to the corpus uteri, and 
diverge in outwardly curving arcs as though constrained by the mesometria, but 
they are not strongly bent in a ventral direction with respect to the corpus uteri. 
The ovarian bursae invest the ovaries fairly closely, and communicate with the 
peritoneal cavity through a small hole at their uterine ends. The uterine tubes 
follow a sinuous course round the periphery of the bursae, and the fimbriae are 
attached to an extensive area of the bursa wall. The ovarian ligament is short, 
as in the phocids, and the ovary consequently lies close to the tip of its cornu. 
The body of the uterus is septate, the caudal end of the septum lying at different 
levels in the different specimens. In WS 275 the non-septate part of the corpus 
uteri is barely 2 mm. in length, in WS 438 it is practically non-existent, the septum 
extending to the os internum. In WS 520 the septum extends into the cervical 
canal and ends only a few millimetres within the os externum; in WS 447 the 
corpus uteri and the cervical canal are both completely septate, the septum 
extending to the apex of the cervix so that there are two ora externa. 

Specimen WS 475 is reported as being in its eighth year and multiparous ; 
WS 520 as parous ; but no information accompanies WS 433 and WS 447. 


Discussion. 


Examination of the female reproductive tract from Crabeater and Weddell 
Seals, and comparison with the corresponding structures in other species, reveals 
a general similarity among the phocid seals in the form of the organs and the 
changes that occur in them on reaching maturity. 

The urinogenital canal is long compared with that in most mammals, and is 
shut off from the vagina by a very prominent hymeneal fold which takes the form 
of a dome-shaped valve projecting into the cranial end of the canal. It may be 
suggested that this valvular arrangement is correlated with the diving habits 
of seals, and that it prevents the entry of water into the vagina when the animals. 
are subjected to the considerable pressures which they are known to experience 
when under water. In nulliparous animals of both antarctic species the hymen 
may be perforated by two openings separated from each other by a median fleshy 
band. Sometimes, however, there is a single, approximately central, opening. 
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The urethral meatus lies close to the hymen upon a papilla that may be quite small 
in the immature animal, but which is large and mamilliform by the time maturity 
is attained. In parous animals the urinary papilla often becomes confluent with 
the much enlarged fleshy folds of the hymen. The clitoris lies in a well-defined 
preputial sac near the caudal end of the urinogenital canal, and labial folds on its 
exposed surface fuse with those forming the boundaries of the sac. In the species 
of otariid seal examined the hymeneal fold is much smaller ; its smaller size may 
be correlated with the more coastal and less pelagic habitat of these animals, 
which may involve less deep diving. 

The vagina is at least equal in length to the urinogenital canal, and usually 
exceeds it. The mucosa of the caudal part is raised into high longitudinal ridges 
which fade out towards the cranial end, where they give place to shallower 
transverse ones. A prominent cervix uteri protrudes into the cranial end of the 
vagina. In mature, and especially in parous animals, the cranial part of the 
vagina is enlarged so that it has a capacious lumen. 

The cervical canal is narrow, and its cranial end is vaguely defined, the canal 
passing into the cavity of the uterus with only a slight interruption of the lining 
folds to mark its limit. The body of the uterus is septate throughout the greater 
part of its length, the septum always extending caudally more than half way, and 
usually further, so that the non-septate part is comparatively small. In the 
otariids examined the septum may extend so far caudally that the cervical canal 
is also divided, and there may be two ora externa uteri. 

The cornua divaricate towards the abdominal wall, and in the immature animal 
they le approximately in the same plane as the axis of the corpus uteri and the 
rest of the reproductive tract. In mature seals, and particularly in parous ones, 
the cornua increase in size, both in length and in diameter. The longitudinal 
growth affects the antimesometrial side especially, and consequently the cornua 
become bowed as though bound down on the mesometrial side by a failure of the 
broad ligaments to increase in size accordingly. At the same time growth of the 
body of the uterus in a cranial direction carries the distal ends of the cornua 
cranially, so that the bowed limbs are bent ventrally with respect to the-corpus 
uteri, and the proximal ends turn back dorsally towards the ovaries. The ventral 
flexure of the cornua is further emphasized in the pregnant uterus, in which the 
pregnant cornu lies ventral to the corpus, and is distended to form a large oval sac 
whose long axis lies transverse to the body of the animal. 

The ovarian bursae invest the ovary fairly closely in the immature animal, but 
are very greatly enlarged in the mature and parous animals. In the latter they 
form voluminous sacs of capacity many times the volume of the ovaries. The 
fimbriae are attached over a moderately large area of the bursa wall, and in mature 
and parous animals parts of them protrude through the hole that perforates the 
bursa near the uterine pole. Hamilton (1939 b) reports that in Otaria byronia 
the hole is occluded at ovulation, and that the comparatively small bursa is 
distended with fluid which he considers to be the liquor folliculi. It is unknown 
whether the protruding fimbriae occlude the hole in the phocid seals sufficiently 
tightly for the bursa to be distended with fluid, but it is certain that the amount. 
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of fluid released from the follicle at ovulation would not be enough to cause any 
distention ; indeed, it is improbable that it. would be noticeable in such large 
bursae. The uterine tube follows a sinuous course in the wall of the bursa, 
traversing its greatest circumference in the immature animal where the bursa is 
small. In mature and parous animals its course, though elongated, does not 
follow the greatest circumference, the increase in size of the bursa affecting more 
particularly that part of the wall cranial to the ring formed by the uterine tube. 

The distribution of the ripening follicles, corpora lutea, and corpora albicantia 
is such as to suggest that ovulation takes place from each ovary alternately in 
succeeding breeding seasons. This matter is considered more fully in the following 
section. 


HISTOLOGICAL CHANGES IN THE OVARY. 
The ovary of the foetus. 

From the available material, both sexually differentiated and indifferent or 
neuter stages, it appears that differentiation of the gonad occurs after the 14 mm. 
stage. In a 22 mm. Crabeater Seal foetus the sex cords of the testis are discernible, 
whereas in a 14 mm. foetus it is difficult to recognize the gonad as a testis, although 
other evidence, such as the external genitalia, indicates the sex. It appears that 
the testis differentiates first, and in the early stages the ovary can only be 
distinguished from the testis by the absence of prominent sex and rete cords (see 
Gillman, 1948). 

At the 16 cm. stage the foetal ovary measures 5 mm. in length, 2 mm. in breadth 
and 2 mm. in thickness. It is enclosed in a thick capsule covered on both sides 
by coelomic epithelium. The capsular wall composed of mesenchyme and the 
developing sinuous uterine tube is cut in several places within the wall in each 
section. In the ovary a definite superficial cortex and a deep or medullary zone 
can be distinguished. The inner part of the superficial cortical zone contains 
ageregations of interstitial cells separated by septa of spindle-shaped mesenchyme 
cells. Covering this layer is one containing germ cells, which lie surrounded by 
what appear to be pre-granulosa cells. The appearance of the latter suggests that 
they have been derived from the coelomic epithelium that covers the whole ovary 
except at the hilum. Some germ cells are to be found in the deeper part of the 
superficial zone lying among the interstitial cells. Cords of cells are growing in 
from the coelomic epithelium in many places, and sometimes these cords grow 
down into the deeper part almost into the developing stromal cells in the 
medullary region. 

Several types of cells are therefore found in the superficial zone: (1) cells 
of the coelomic epithelium, (2) primitive germ cells, (3) pre-granulosa cells, 
(4) spindle-shaped mesenchymal cells, (5) primitive interstitial cells. 

The first evidence of crypt formation (see page 494) can be seen at the 16 cm. 
stage, particularly near the hilum. The coelomic epithelium dips in at several 
places to form short shallow invaginations and crypts, from the lining of which 
several cords of cells arise and project further into the ovary. The cells lining the 
crypts are in no appreciable manner different from those of the remainder of the 
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coelomic epithelium. All its cells are low cuboidal or columnar in shape with 
little cytoplasm ; those of the cords projecting inwards are more spherical or 
polyhedral. Their cytoplasm is pale and their nuclei all contain nucleoli. Several 
of these cords of cells, presumably destined to be pre-granulosa cells, stretch right 
through the superficial layer and abut on the central medullary zone. There is 
no tunica albuginea present at this stage, but a few spindle-shaped mesenchymal 
cells are present, and they form sheaths to the ingrowing cords of cells from the 
epithelium. 

The pre-granulosa cells are found beneath the epithelium, either merging 
imperceptibly with it, or else arranged in groups either surrounding or near to. 
the primitive germ cells. A few are found in the deeper part of the medulla, and 
are enclosed in small groups within the developing stromal cells. The pre-granulosa 
cells can only be distinguished from those of the epithelium and the ingrowing cords. 
of epithelial cells by their more vesicular nuclei and by their relative isolation from 
the presumed parent cells. 

The primitive germ cells are the largest cells in the foetal ovary at this stage. 
Their cytoplasm is palely eosinophilic, clear and translucent in some areas, but 
contains many eosinophilic granules distributed all over the cell. The nuclei are 
large and vesicular, some showing marked chromatic figures ; nucleoli are absent. 
The germ cells are distributed fairly evenly throughout the superficial zone of the 
ovary, and a few may be found in the outer part of the medullary region enclosed 
by groups of pre-granulosa cells and surrounded by primitive stromal cells. 
There is no doubt that the germ cells are increasing in numbers, mitotic figures 
can be found in almost every field. There is little evidence of the formation of 
germ cells from the coelomic epithelium (see Gillman, 1948). There are indeed 
germ cells present beneath the epithelium, but whether such cells are destined to 
be included within the epithelium, where they may later give rise to other germ 
cells, cannot be substantiated in this study. Close examination of all the foetal 
ovaries available has failed to reveal a single instance of primitive germ cells of 
a type intermediate between the coelomic epithelium and typical primitive germ 
cells, or of cells arising from the coelomic epithelium. Further discussion and 
observations on oogenesis in the adult will be found on p. 504. 

The primitive interstitial cells are found in groups throughout the superficial 
zone in the 16 cm. stage. The cells are loosely arranged and are separated into. 
groups by the cords of cells from the coelomic epithelium and by the spindle-shaped 
mesenchymal cells. The interstitial cells are small, but slightly larger than the 
pre-granulosa cells, and are the most heavily staining cells in this part of the 
ovary. The cytoplasm is markedly granular and the nuclei are occasionally 
vesicular, but more darkly staining than the nuclei of the cells so far described. 

There has been considerable discussion about the origin of the interstitial cells 
in the gonad (see Gillman, 1948, for the most recent review). Gillman writes 
that in the testis the interstitial cells have been derived by different authors from 
almost every type of cell known to exist in the testis (including nervous tissue). 
The problem is equally difficult in the ovary, and in the foetal seal-ovary there is 
little indication of their origin. In the adult cat the work of Kingsbury (1914) 
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suggests that the interstitial tissue arises from the theca interna cells of atretic 
follicles. This is at least some indication that they might well arise from stromal 
cells, or from the common precursor, the mesenchyme. In the foetal seal-ovary 
it appears unlikely that the interstitial cells arise either from the coelomic 
epithelium, or the pre-granulosa cells, and it is not improbable that they do arise 
directly from the mesenchymal cells. - 

Numerous mitotic figures are present in the interstitial cells and it is apparent 
that they are increasing very rapidly in number. There is also evidence of 
an associated increase in size, for some of the cells show changes similar to those 
of lutealization. There is considerable vacuolation of the cytoplasm, and the 
nuclei are often large and vesicular; not all of the cells, however, show these 
changes. 

The medulla of the foetal ovary at this stage consists mainly of mesenchymal 
cells which are developing into stromal cells and possibly giving rise to interstitial 
cells. There are few blood vessels of any size, but numbers of endothelial cells 
can be seen invading the organ. Near the hilum the rete ovarii can be seen ; it 
consists of numerous cords and tubes of cells, darkly staining and columnar in 
shape with little cytoplasm, and invested by wreaths of stromal cells. 


Ovaries of near-term, full-term, and newborn seals. 


Several specimens of Common Seal and Grey Seal (table I) are available from 
which the near-term and full-term ovary can be described (see Amoroso, Harrison, 
Matthews & Rowlands, 1951). The foetal ovary (PI. I, fig. 1 6) in the late stages 
of pregnancy is often larger than the maternal, as it is also in the foetal mare 
(Cole, Hart, Lyons & Catchpole, 1933). The size of the ovary in P. vitulina near 
term was on the average 8-5 cm. in length and 6-25 cm. in thickness and 
breadth. Each ovary weighed 17 g. The exact age of these specimens is not 
known, and unfortunately the field workers made no record of the length of each 
foetus. It is, however, fairly certain that the foetuses are near term. 

The cause for the relatively large size of the foetal ovary is apparent as soon as 
sections are examined. The main mass of the ovary consists almost entirely of 
interstitial tissue. 

The interstitial cells are large (30 » average diameter) and are loosely arranged 
in groups, each group being surrounded by an extensive capillary network. Little 
fibrous or stromal tissue is present, except in relation to the large arteries and 
veins in the medulla (PI. I, fig. 4). The vessels are enclosed within a capsule of 
fibrous tissue, which often contains a large medullated nerve bundle, presumably 
passing to the vessels. The interstitial cells are polyhedral, often elongated, and 
their cytoplasm is markedly granular. In many cells there is an extensive peripheral 
vacuolation of the cytoplasm, and the peri-nuclear central area is dense, with few 
vacuoles, and is heavily staining owing to the presence of the numerous granules. 
The appearance of the interstitial cells at this stage, with the changes in the 
cytoplasm and the large vesicular nuclei, is similar to that of lutealized granulosa 
cells, and there can be little doubt that they are responding either directly or 
indirectly to some hormonal stimulation, either from the placenta, the foetal 
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pituitary, or by diffusion of hormones from the maternal bloodstream. It has been 
suggested by Cole et al. (1933) that the foetal mare ovary secretes increased 
amounts of oestrogen during the later months of pregnancy. 

The cortex of these foetal ovaries is not thick, and there is little tunica albuginea. 
The crypt formations are present as deep clefts, but there is little local or 
superficial crypt formation. The small shallow crypts that are present are 
difficult to see because of the great distension of the ovary. The coelomic 
epithelium lies on a thin fibrous tunic, which sends short ingrowths towards the 
centre of the ovary. A few granulosa cells are present about the fairly numerous 
germ cells. The latter are found evenly distributed only in the superficial part 
of the cortex, immediately beneath the fibrous tunic; the majority of the germ 
cells show early or advanced signs of degeneration. 

The ovaries of the newborn Grey Seals show changes similar to, but not so 
marked as, those found in the foetal Common Seal specimens. In a Grey Seal 
weighing 30 lb. the right ovary measured 4:5x3x2cm. The left ovary was of 
similar dimensions. Each ovary weighed 11g. In specimens of the Common Seal 
which we estimated to be 10 to 20 days old, the ovary measures 3-5-4:0 cm. in 
lJength, 3 cm. in breadth and 3-5 cm. in thickness (PI. I, fig. 1c). The oedema of 
the ovary has subsided, and the whole organ is not hyperaemic and has undergone 
considerable shrinkage. The major histological changes are the increased amounts 
ef fibrous and stromal tissue, concurrent with the shrinkage of the intestitial cells 
and in some places with their destruction (PI. I, fig. 5). 

Crypt formation in the cortex is more marked and resembles the adult pattern. 
Several large invaginations of the epithelium, extending deep into the cortex, are 
present, but the local formation of numerous narrow horizontal clefts and tubes 
is more marked in the now considerable tunica albuginea. The lining epithelium 
of the clefts is active, and aggregations of primitive granulosa cells are found 
deep to the tunica albuginea. Numerous germ cells are present, and in many cases 
oocytes can be seen with their surrounding investment of epithelial cells. Many 
of the germ cells and oocytes show degenerative changes. 

The interstitial cells are now smaller, closely packed and separated into groups 
by numerous thick or thin septa of fibrous tissue. The cells no longer show the 
changes resembling lutealization. The cytoplasm is still granular, but it contains 
no vacuoles and is has a fibrous appearance. The nuclei are smaller, more densely 
staining and in many places are pyknotic. Considerable shrinkage is taking place 
in the interstitial cells at this time, and apparently numbers of the cells die. 
Leucocytes are commonly encountered in the interstitial tissue. The tissue 
continues to shrink steadily during the ensuing year. 


The ovary of the adolescent seal. 
The ovary of the adolescent Common Seal measures 1-8 cm. in length, 0-8 cm. 
in thickness and 0-6 cm. in breadth. 
Three distinct zones can be seen in the ovary; a cortical zone containing the 
germinal epithelium, the tunica albuginea, developing and atretic follicles and a 
few interstitial cells; a narrow intermediate zone containing almost exclusively 
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interstitial tissue; a central medullary zone containing fibrous and stromal 
tissue, blood vessels, lymphatics and nerves together with scattered interstitial 
cells and the remnants of the rete ovarii. 

Sub-surface crypt formation is present in the cortex; the crypts are short, 
narrow and somewhat elongated, running parallel for 0-5 mm. to the surface 
epithelium. The crypts lie in the outer part of the tunica albuginea. There is 
some activity of the epithelium lining the crypts and in places the epithelium is 
giving rise to cells which are arranged in cords and pass inwards to become 
continuous with those granulosa cells surrounding primary oocytes. 

Follicular development is marked in some of the young specimens, and in 
P. vitulina the growth of follicles appears to be active during the last half of the 
second year. The majority of the follicles are healthy at this time (June in Scottish 
and East Anglian waters). 

The primary oocyte is of the order of 30 » in diameter when it is first surrounded 
by a flattened layer of granulosa cells. The primordial follicle has a diameter of 
about 35. The number of granulosa cells increases rapidly, and by the time the 
follicle is 100 » in diameter there are six to ten layers of cells. By this stage the 
theca interna cells have appeared although there are at first only one or two 
layers of cells. 

The early granulosa cells are small, spherical or polygonal in shape, with a 
diameter of about 12. Their cytoplasm is scanty in amount and contains a few 
eosinophilic granules. The nuclei are small, spherical, with a diameter of 8 to 9 p, 
and with a dense chromatin network. The cells of the outer layer, next to the 
basement membrane, are columnar in shape and their nuclei are elongated radially - 
to the follicle. 

The theca interna cells are larger, more granular and show greater diversity of 
form than the granulosa cells. Almost as soon as the layer is two cells thick 
evidence of cellular activity can be discerned. The cytoplasm increases in amount, 
becomes paler owing to the appearance of small vacuoles, and the nuclei show 
vesicular changes. The cells differ in appearance in different parts of the follicle. 
Those nearer the tunica albuginea are spherical or polygonal, whereas those at 
the medullary pole of the follicle are elongated and lie tangentially to the follicle. 
The theca interna appears to develop first at the pole of the follicle nearest the 
surface of the ovary. Later the number of cells in the theca interna increases 
all round the follicle, and occasional inwardly directed cones of thecal cells can 
be seen at the medullary or inner pole of the follicle. The possible significance 
of these findings has been indicated by Strassman (1941) and by one of us in a 
previous paper (Harrison, 1948 a). 

The oocyte increases rapidly in size in relation to the growth of the follicle, and 
the usual two phases of growth in the follicle relative to that of the oocyte can be 
distinguished (see Parkes, 1931). The oocyte increases in size rapidly from 30 
to about 110, while the follicle increases only from 35, to 400 in diameter. 
Later, during the second phase, the oocyte increases slowly to its maximum 
diameter (largest ovarian oocyte observed in a healthy follicle was 135, in 
diameter) whereas the follicle grows rapidly from 400 u to 1-5 cm. in diameter in 
P. vitulina and from 400 » to 1-0-1-3 cm. in the antarctic seals examined. 
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The zona pellucida first appears when the oocyte is 75 » and the follicle 250 uw 
in diameter. The antrum of the follicle can first be discerned as a small slit in 
the granulosa layer when the oocyte is about 90 uw and the follicle 350 » in diameter. 
The antrum is well developed when the follicle is 0-4 mm. in diameter. 

In a few of the ovaries of adolescent seals and more rarely in adults, a number 
of precociously developing oocytes are to be found which lack any, or are sparsely 
surrounded by, epithelial cells. These oocytes vary between 75 and 105 in 
diameter, the zona pellucida is present and is often much thickened, sometimes 
it is 9» thick. In many instances it is palely stained and appears swollen and 
oedematous. Such oocytes are found not only close to the tunica albuginea, but 
also fairly deep in the cortex. They generally show signs of impending degeneration 
and may have shrunk considerably leaving a fluid-filled space about the collapsed 
and swollen zona pellucida. The zona pellucida often shows two distinct zones, 
an outer broad paler zone and an inner heavily eosinophilic zone with an irregular 
inner margin. When examined by phase contrast methods the outer zone appears 
to be composed of radially arranged, irregular, doubly refractile segments, and to 
contain small spherical or oval vacuoles. The inner zone by similar illumination, 
shows numerous narrow circumferential striations. The ooplasm is generally 
heavily vacuolated and small masses of eosinophilic material are frequently seen 
close to the inner edge of the zona pellucida. (We have also observed vacuolation 
in the ooplasm of apparently healthy oocytes in Callorhinus ursinus.) Cells are 
often present, either enclosed in the zona pellucida, or actually within the ooplasm. 
These enclosed cells have the appearance of granulosa cells; their nuclei do not 
resemble those of leucocytes. 

The nuclei of these large oocytes are larger than those of normal oocytes, the 
nucleolus is heavily stained, and the chromatin network is clearly visible. 
Occasionally the chromatic material is clumped together in irregular masses, or 
the whole nucleus may be pyknotic. In P. vitulina SM 5 (a yearling seal) nearly 
one in five of the oocytes shows these changes of precocious development and also 
Shows a varying degree of degeneration. 


Follicular growth during pregnancy. 


Enders, Pearson & Pearson (1946) state that in their specimens of Callorhinus 
ursinus cynocephalus the corpus luteum of pregnancy suppresses follicular growth 
in that ovary to a remarkable extent. This suppression, they write, becomes 
evident within a few weeks of ovulation and continues for several months after 
parturition the following year. The opposite ovary, however, shows pronounced 
follicular development as pregnancy progresses until at parturition it contains 
numerous rapidly growing follicles. 

These findings are confirmed both in our specimens of Fur-seal (see below) 
and also in the Antarctic and northern European seals used for this report. 
Seal 237, a Weddell killed with a pup on 27.10.45, had a number (25) of small 
follicles in one ovary together with one large retrogressing corpus luteum (14 mm. 
in diameter) and two corpora albicantia (4 mm. and 6 mm. in diameter). The 
other ovary contained no corpus luteum or corpus albicans, but contained a larger 


492 R. J. HARRISON, L. HARRISON MATTHEWS AND J. M. ROBERTS 


number (75) of follicles from 2 mm. to 5 mm. in diameter. There is, however, 
some follicular growth in both ovaries of seals which are ovulating for the first 
time. Seal 6136, a Weddell, killed on 5.11.45, had about twenty-five follicles up 
to 8 mm. in diameter in one ovary and six up to 1-5 mm. in diameter in the other 
which contained the recent corpus luteum. A similar state of affairs was found 
in virgin Fur-seals (see p. 501). 

During early pregnancy, however, the Weddell and Crabeater Seals sometimes 
contain follicles in the ovary containing a recent corpus luteum. Seals 107 
and 108, which each possessed an early implanted embryo had a few follicles 
(4 mm.) in the ovary which contained the corpus luteum. The appearance of the 
follicles varied considerably, a few being apparently healthy by histological 
criteria, but the majority showed early signs of atresia. All the follicles showed 
a remarkable increase in the thickness and appearance of the theca interna. The 
whole layer had increased greatly in size owing to an augmented number of cells 
and to an increase in size of individual cells. The cytoplasm had increased in 
amount, and was evenly granular, the cells having a diameter of from 15-20 yp. 
The cells were irregular in shape, the majority being polyhedral, and they contained 
few vacuoles. The general appearance of the follicle suggested that it had been, 
or still was, under the influence of some stimulating factor. It has been suggested 
by one of us (Harrison, 1948 a) that similar stimulation of the theca interna of 
rapidly growing follicles in the pregnant goat is related either directly or indirectly 
to trophoblastic activity. 

There is little evidence of follicular growth during the period of delay in 
implantation. A number of animals have been killed during this period, and 
although blastocysts have not been recovered from many, in all specimens a 
recent corpus luteum was present in one ovary. In the same ovary a number 
of atretic follicles could also be found. The other ovary, which frequently 
contained a corpus albicans, or several, showed little or no follicular development: 
or growth. 

The ovary of seal 110 in later pregnancy with a 2-2 cm. embryo, contained 
several follicles, some 10 mm. in diameter, close to the corpus luteum of pregnancy. 
These follicles showed distinct changes, the granulosa cells were hypertrophied and 
showed signs of early degeneration. The theca interna showed the greatest 
changes ; the whole layer was much enlarged and the cells were increased in size 
up to 15 or 20, in diameter. Mitotic figures were common, and the whole layer 
was hyperaemic and showed great activity. The cytoplasm of these theca interna 
cells was increased in amount, was granular, and contained many small vacuoles. 
In seal 106, which was in more advanced pregnancy with a 75 mm. embryo, no: 
follicles were present in either ovary. 

Specimens of P. vitulina are the only ones available to give information about. 
the later stages of pregnancy. The seal S 4, which was pregnant with a 48 cm. 
foetus (killed July, 1947 off the Faroe Islands) contained no healthy follicles in 
the ovary possessing the corpus luteum of pregnancy. There were, however, a 
few atretic follicles of 3-4 mm. in diameter. The other ovary contained a large 
number of follicles up to 7 mm. in diameter, some of which were apparently 
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healthy. It therefore appears that there are two periods of follicular stimulation 
during pregnancy. The first period extends from probably a week after implantation 
until the embryo is about 50 mm. in length. The start of the second period cannot 
yet be accurately determined, but in P. vitulina it is before the embryo is 48 cm. 
in length, and stimulation continues throughout the remainder of gestation, 
during parturition, and until ovulation. These findings in late pregnancy agree: 
with those of Enders e¢ al. (1946). 


The mature follicle. 


Healthy follicles of large size are to be found in the ovaries for some time before 
the termination of pregnancy. The largest follicle in the series under examination 
is of the order of 13 mm. in diameter which agrees with the finding of Enders, 
Pearson & Pearson (1946) in the Fur-seal. These authors think that in this species 
a follicle ovulates when it is about 13 mm. in diameter. follicles of similar’ 
diameter are found in Antarctic seals in early November and, as reported in 
another section, are probably fully matured. It is of interest to note that, unlike 
many other mammals in which the mature follicle is approximately seven-eighths 
of the size of the mature corpus luteum (Corner, 1921, and Harrison, 1948 b), 
the antarctic seals have a corpus luteum that reaches a diameter of 20-26 mm. 
just after implantation and is thus nearly twice the diameter of the mature 
follicle. It also appears that by the time the embryo reaches about 30 cm. in 
length the corpus luteum has reached its maximum diameter. 

The structure of the mature follicle differs slightly from that in most mammals. 
Although similar to the follicle in the dog and the fox in that the granulosa layer 
is occasionally folded, there are additional marked supporting ridges which contain 
theca interna and theca externa cells and occasionally groups of interstitial cells 
(see also Enders e¢ al. (1946) in the Fur-seal). These ridges also often contain 
one or more large blood vessels. Enders e¢ al. have suggested that these supporting 
ridges may be responsible for the lobed appearance of the new corpora lutea. It 
seems likely that the presence of large septa, each with at least one large blood 
vessel at the base, in the fully formed corpus luteum, indicates that the lobular 
appearances do develop from such ridges. In several of the mature follicles in 
this series of ovaries the granulosa cells, apparently healthy, have separated from 
the theca interna, probably as a post-mortem change. The appearance of the 
stripped theca interna is very characteristic, for it shows a succession of varying 
sized protuberances, the majority containing blood vessels, projecting into. the 
cavity. It is noticeable that one of the signs of atresia is the disappearance of 
these ridges (see below). The granulosa layer is several cells thick at maturity 
and in places is markedly folded upon itself. Occasionally these foldings appear 
to fuse to give rise to a solid mass of granulosa cells enclosing one or more spaces 
about 150 » in diameter, containing follicular fluid. These spaces resemble those 
of Call and Exner found in the rabbit and many other mammals. The granulosa 
cells of the healthy follicles in the ovary at the later part of pregnancy may show 
changes like those of early lutealization. The cytoplasm is increased in amount, 
and distinct changes are found in the nucleus, which is much enlarged and 
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vesicular. Such changes apparently disappear just after, or perhaps before, 
whelping and mature follicles in Antarctic seals killed in early November after 
whelping, do not show such marked changes in the granulosa cells. It does not 
appear that lutealization of the granulosa cells occurs before ovulation as in some 
mammals (Harrison, 1948 b) ; the changes in the maturing follicles appear to reflect 
the hormonal activity of either the pituitary or the placenta (or both) before and 
at the time of whelping (see also the section on the changes in the foetal ovary). 

The theca interna cells of the mature follicles are numerous and much enlarged. 
‘They are mainly spherical or oval in shape with an average diameter of 15 p. 
Their cytoplasm is much increased, being heavily granular and occasionally 
‘containing vacuoles. These changes, found in the theca interna in most mammals 
to a greater or lesser degree, are most marked in the seal follicle in the theca 
interna cells of the ridges and projections of the follicular wall. 

It is rare to find more than one or two healthy maturing follicles, in the ovary 
before parturition. The follicle destined to rupture at the post-parturient ovulation 
must therefore, if it is formed before parturition, be able to withstand the hormonal 

‘changes which we believe occur at whelping, or it must be formed very rapidly 
after whelping. If the latter alternative occurs those follicles which develop during 
the later part of pregnancy cannot be concerned with ovulation and must simply 
be reflecting hormonal change during the later part of pregnancy. Examination 
of the ovary after whelping and before ovulation confirms the presence of large 
healthy follicles which must have been growing and have remained healthy during 
parturition. On the other hand there is no doubt that follicular growth in the seal 
is very rapid during the interval between parturition and ovulation. 


Sub-surface crypt formation. 


The germinal epithelium of all the phocid and otariid ovaries examined does 
not surround the organ as a simple uniform continuous layer such as is found in 
nearly all other mammals. At irregular intervals the germinal epithelium dips 
down into the tunica albuginea of the ovary to form a tube with a conspicuous 
lumen (PI. II, figs. 1, 2, 3). There is great variation in the position, length and 
tortuosity of the tube or crypt, and also in the activity of the cells liming the 
crypt. The crypts may be short and narrow and placed entirely within the tunica 
albuginea with their epithelial lining composed of small darkly staining inactive 
cells. Such crypts are found widely separated along the surface of the ovary and 
their lumen is small, about 20-30 » in cross-section. Occasionally isolated areas 
of epithelium are to be found in the tunica albuginea as short cords of cells lying 
with their long axis parallel to the surface. Careful examination reveals no 
connection with the surface crypts, although it is probable that such epithelial 
islands are the remnants of previous epithelial activity. 

As already reported (Matthews & Harrison, 1949; Harrison & Matthews, 1950) 
the crypts frequently show more extensive proliferation. In some ovaries the 
crypts pass through the tunica albuginea almost vertically, usually taking a thin 
stratum of tunica albuginea cells with them. Deep to the tunica albuginea the 
crypts turn and run parallel with the surface of the ovary. Their subsequent 
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arrangement varies considerably ; there may be long relatively straight crypts 
running parallel to the surface, occasionally linking up one with another, and giving 
the appearance of a capsule to the ovary. These longitudinal crypts are often 
tortuous, and occasionally pillars of epithelial cells pass across the lumen dividing 
it up still further. In several ovaries there is very marked proliferation of the 
crypts into the cortex of the ovary. The crypts branch repeatedly, no longer have 
‘the appearance of a longitudinal slit, but appear as a number of communicating 
spaces of irregular shape extending more deeply into the superficial layers of the 
cortex. | 

The epithelial cells lining the simpler forms of crypt are low columnar or cuboidal 
in shape. In the more extensive crypts the cells are larger, spherical or polygonal 
in shape, and do not stain so heavily. There are frequently areas of active 
proliferation and mitotic figures are commonly encountered. It is also notice- 
able that the more extensive crypt formation is definitely associated with 
the presence of increased numbers of primary oocytes. Cells from the 
epithelial lining of the deeper part of the crypts pass inwards towards the oocytes 
and form cords of cells directly continuous with the primitive epithelium surrounding 
the oocytes. However, in none of the ovaries examined is there any evidence of 
germ cells or oocytes arising directly from the epithelial lining of the crypts. It 
is also noteworthy that in none of the ovaries examined has an oocyte been observed 
in the zone between the epithelium covering the surface of the ovary and that 
of the crypts. All the oocytes lie in the tissue deep to the crypts and receive 
their epithelial covering as downgrowths from the cells proliferating from the 
lining of the crypts. 

There is definite evidence that the degree of crypt formation varies during 
the reproductive cycle. Antarctic seals killed in September and October show 
little crypt formation in their ovaries. During November the ovary shows its 
most extensive crypt formation and the epithelium lining the crypts proliferates 
actively. During the period of delay in implantation and throughout pregnancy 
crypt formation is much diminished and oocytes are seldom present in a healthy 
condition. The same sequence of changes in the shape and extent of the crypts 
appears to occur in seals of northern waters, and although the time of maximum 
development is three months earlier, it lies at the corresponding point in the cycle. 


The corpus luteum. 


The youngest corpus luteum from the ovary of an Antarctic seal was obtained 
from a Weddell Seal 243 which was killed on 29.11.45. One ovary contained a 
corpus albicans 6 mm. in diameter and a few follicles up to 4 mm. in diameter. 
The other ovary contained a corpus luteum 26 mm. in diameter and also a large 
number of follicles, the largest being 8 mm. in diameter. No evidence of the 
presence of a blastocyst was found on examination in the field. 

The gland is almost spherical, has a markedly lobulated structure and possesses 
a central cavity. There is no evidence of herniation. The luteal tissue has reached. 
an advanced stage of development. The luteal cells are closely packed into groups. 
separated by fluid-filled spaces. The average diameter of the luteal cells is 27 », 
372 
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and the nuclei are 7-8 » in diameter. The cells are spherical, oval or polygonal 
in shape, and compact groups of cells devoid of interstitial spaces are thus only 
occasionally found. The cytoplasm of the cells varies in appearance; in the 
smaller cells it is evenly granular, in the larger cells there are one or more small 
spherical vacuoles in the peripheral cytoplasm. Occasional cells are present 
containing a number of such vacuoles; sometimes the whole cell is a mass of 
small vacuoles or else contains one large vacuole. Occasional binucleate luteal 
-cells are observed. 

The theca interna cells are arranged at the periphery of the gland, and their 
appearances are similar to those of the mature follicle, except that the cells are 
slightly smaller and the cytoplasm contains vacuoles. In several areas it is 
-difficult to distinguish the theca interna cells from the interstitial cells. The 
latter have probably been drawn into the gland as a result of their incorporation 
into the supporting ridges described in the mature follicle. Elsewhere the 
interstitial cells are separated from theca interna cells by strands of the theca 
externa. 

The gland at this stage contains little connective tissue. At irregular intervals 
about the periphery short narrow trabeculae of fibrous tissue are to be found, 
which contain numbers of theca interna or interstitial cells. These trabeculae 
usually have one or more blood vessels at their bases and they are presumably 
derived from the supporting ridges of the mature follicle. At this stage the blood 
vessels are not large. 

Vascularization of the gland has apparently just started in this specimen, 
although capillaries are very sparse and are only seen in the periphery of the 
gland. Small elongated cells are intermingled with the groups of luteal cells and 
are presumed to be migrating endothelial cells. 

The general appearances of the gland are somewhat paradoxical ; by comparison 
with other mammals (dog, cat, fox, goat, pig, sheep) the luteal tissue has reached 
almost full cytological development. Yet the process of vascularization and 
migration of connective tissue elements is considerably retarded. From the 
evidence available it is possible that the specimen just described was killed from 
seven to fourteen days after ovulation. Whether the seal was pregnant or not, 
the appearances of the gland, when compared with the general mammalian pattern 
are not, except for the cytological changes in the luteal tissue, compatible with 
this presumed age of the gland. It is suggested that these paradoxical conditions 
are associated with the delay in implantation. 

Seal 247, a Crabeater, was killed about a month later than the pissin 
specimen, on 29.12.45. An unimplanted blastocyst was recovered from one horn 
and has been sectioned. The right ovary contained a corpus albicans 8 mm. in 
diameter and one small follicle 1 mm. in diameter. The left ovary contained a 
corpus luteum 25 mm. in diameter and numbers of follicles up to 7 mm. in 
diameter, the majority showing signs of atresia. 

The luteal tissue is similar to that in the preceding specimen, except that the 
individual cells are slightly larger (Pl. IT, fig. 4). There is a number of intercellular 
spaces filled with fluid, but they are not so large as in the first specimen. The 
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luteal cells average 30 » in diameter, although there are numbers of larger cells. 
Most cells contain a large vacuole, or several, and the largest cells have a mass of 
vacuoles giving them a foamy appearance. In many cells the cytoplasm has 
this foamy appearance owing to the presence of numerous small vacuoles ; there 
are also one or more giant vacuoles which may be up to 10 u in diameter, and thus 
larger than the nucleus. Occasionally a perinuclear area of more heavily staining 
and granular cytoplasm is present about the nucleus. 

The theca interna cells are distributed in a precisely similar manner to those 
in the previous specimen. The cells are slightly smaller but are quite distinct. 

The fibrous trabeculae are slightly thicker and there is some migration of short 
fibrous processes out into the gland. Vascularization has progressed, but only 
slowly. Capillaries have formed in the periphery of the gland, but only slight 
endothelial migration has taken place towards the centre. The capillaries are not 
noticeably distended with blood and the gland cannot be described as hyperaemic. 
Several small arteries and vacuoles are present in the substance of the gland. 
These arise from or drain into the larger vessels at the bases of the fibrous septa. 

Seal 246, a Crabeater killed on 3.1.46 also contained an unimplanted blastocyst 
in one horn. The macroscopic appearances of the corpus luteum are essentially 
identical with those of the previous specimen. There are some differences on 
histological examination. The vacuoles in the luteal cells are less frequent, and 
the cells are smaller. Binucleate cells are more frequently encountered. There 
is a greater amount of fibrous tissue and vascularization has progressed. The 
number of large vessels is greater, but the degree of capillary formation is similar 
to that in the last specimen. 

It appears, from the available material, that marked changes take place in the 
corpus luteum soon after, or almost simultaneously with, implantation. Three 
specimens show the changes occurring shortly after implantation (102, 107, 
108) and in each of these one of us (J. M. R.) observed a recently implanted 
embryo. The embryo in 102 was not recovered, but a section of the implantation 
site in the horn shows the presence of the trophoblast. From the other two 
specimens embryos of 5-6 somite stages were recovered and examined by J. M. R. ; 
unfortunately these embryos were sadly damaged owing to the difficulties and 
lack of facilities in the field. 

The three specimens are from Crabeater Seals (table I), and the appearances 
of the ovaries are similar. The ovary containing the corpus luteum is much 
larger than that of the opposite side, the latter in each case contains a corpus 
albicans with an average diameter of 13 mm. Each of the recent corpora lutea 
has an average diameter of 22 mm. and is almost spherical in shape with a slight 
protrusion towards the exterior at the site of rupture of the follicle. In no corpus 
luteum is there any herniation, and the epithelium and tunica albuginea have 
completely grown over the point of rupture. The cut surface shows a pale yellow 
lobulated gland containing few fibrous septa. It is noteworthy that in each of the 
ovaries containing the recent corpus luteum there was a number of small follicles 
from 1-5 mm. in diameter (see p. 492). A large central cavity some 10 mm. in 


diameter is present in each of these corpora lutea (PI. I, fig. 1 a). 


498 R. J. HARRISON, L. HARRISON MATTHEWS AND J. M. ROBERTS 


On histological examination a salient character of the gland is at once apparent ; 
there are only a few, short fibrous septa passing from the theca externa into the 
substance of the gland (PI. II, fig. 5). The major part of the gland consists of 
large luteal cells, and there is extremely little connective tissue, much less than 
would be expected from the large size of the gland. This relative absence of 
connective tissue is also of interest when it is realized that the three animals under 
discussion were killed in early February and that implantation had probably been 
delayed for about 10-11 weeks. 

The short septa of fibrous tissue contain a number of small arteries and large 
veins. These vessels communicate with large vessels about the periphery of the » 
gland. The arteries are relatively thick-walled with small lumina. The entire 
gland is permeated with a network of large sinusoids having an incomplete 
endothelial lining. The luteal tissue is arranged in compact groups of cells about 
the sinusoids, and branches from the septal arteries radiate out from the septa 
amongst the lobules of luteal cells. Smaller sinusoids and capillaries traverse the 
lobules of luteal tissue to drain into the larger sinusoids and thus to the large 
veins in the fibrous septa. In some places the small sinusoids are directly 
continuous with tissue spaces between the luteal cells. The smaller sinusoids 
and capillaries divide the luteal tissue into small groups of ten to twelve cells. 
Although the peripheral vessels about the gland are large and full of blood, the . 
general appearance of the gland even at this stage is of incomplete vascularization ; 
there is no hyperaemia despite the fact that each animal is pregnant. 

The theca interna cells are scattered sparsely about the periphery of the gland, 
mainly in close relation with the bases of the small fibrous septa. The cells are 
small, about 15 » in diameter, and contain a few small vacuoles in their cytoplasm. 
There is no evidence of theca interna cells invading the substance of the gland, 
and the cells are not as large as those found in the theca interna of maturing 
follicles. The theca interna cells do not appear to become fibroblasts. 

The luteal cells are large, oval, spherical or polygonal in shape, and are closely 
packed into groups surrounded by capillaries. The cells have an average diameter 
of 30 » and their vesicular nuclei have an average diameter of 8». The cytoplasm 
is evenly granular, and only a few cells contain small vacuoles in the peripheral 
cytoplasm. Very occasional cells with a single large vacuole are found. Some 
of the larger cells are binucleated. Some of the luteal cells possess a dense zone 
of cytoplasm next to the cell membrane, but this is almost certainly an artefact 
due to shrinkage caused by the fixative. 

Seal 116, a Leopard Seal with a 6 mm. embryo, and seal 101, a Crabeater 
with a 14 mm. embryo, both possess corpora lutea of pregnancy which differ little 
from those of the previous specimens. The corpora lutea both average 22 mm. 
in diameter, and the gross appearances are similar to those of the previous. 
specimens. ‘The fibrous septa are few, short, and contain little fibrous tissue. 
There is a slight increase in the number of blood vessels, and the capillary 
network is much increased (PI. II, fig. 6). All the blood vessels are dilated (PI. I, 
fig. 7), and the capillaries contain far more blood than in the earlier stages. The 
luteal cells are broken up into smaller groups of six to ten cells by the increased. 
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number of capillaries. Both corpora lutea are therefore advanced in their degree 
of vascularization and in the quantity of blood circulating through them. The 
theca interna cells are situated at the periphery of the gland and possess the same 
shape and appearance as those already described. 

The luteal cells, are on the average somewhat larger, being 30-35 » in diameter. 
The majority of the cells are evenly granular and contain no vacuoles. A number 
of smaller luteal cells is present possessing numerous vacuoles evenly distributed 
throughout the cytoplasm or at the periphery. Occasional large cells may be 
seen which possess several large vacuoles and a number of small ones within a 
spherical cytoplasmic sac, lying at one pole of the cell. The remainder of the 
cell contains clear granular cytoplasm and the nucleus. 

At the stage just described the corpus luteum appears to reach the height of 
its cytological development; at the same time it may also possibly reach the 
height of its activity. The corpus luteum of seal 110, which is associated with 
a 22 mm. embryo shows a number of changes. The ovary which contained this 
corpus luteum also possessed many follicles up to 10 mm. in diameter. The corpus 
luteum is slightly smaller than the previous specimens, but its macroscopic 
appearance is essentially similar. Histologically there is little more connective 
tissue (Pl. II, fig. 8), except about the smaller arteries which possess a definite and 
larger adventitial layer of fibrous tissue. The capillary network is about the same 
in complexity as in seal 116, but appears to be greater owing to the shrinkage 
of the luteal cells. The capillaries contain little blood but the large vessels are 
dilated and engorged. The first signs of the deposition of strands of collagen 
between the luteal cells about the fibrous septa can be seen at this stage. The 
theca interna cells are even smaller than in the previous specimens, being about 
12 in diameter. Their nuclei are darkly staining and irregular. The cells give 
the appearance of cytological inactivity. 

The luteal cells are considerably shrunk and have an average diameter of 25 p, 
although there are occasional large cells of 30 in diameter to be found. The 
cytoplasm is denser and more heavily staining than in any previous specimen 
and has a streaky or fibrous appearance. The peripheral cytoplasm of most cells 
contains small vacuoles, and there are a few cells whose cytoplasm is a mass of 
vacuoles. 

The corpus luteum of seal 106, a Weddell Seal with an embryo 75 mm. in 
length, shows further changes. The gland is about the same size as that of the 
previous specimen, but the fibrous trabeculae are much larger. The walls of the 
larger blood vessels within the septa are thicker owing to the deposition of fibrous 
tissue in the adventitial layer. The capillaries are much more numerous, sometimes 
running in pairs about the groups of luteal cells. The theca interna cells have almost 
disappeared, and it is probable that they have become indistinguishable from the 
interstitial cells. The bases of many of the fibrous septa contain aggregations of 
cells which resemble interstitial cells and lie in the situation where theca interna 
cells were discernible in previous specimens. Many of the luteal cells in the 
periphery of the gland are fairly large, being 25-30 in diameter and their 
cytoplasm contains a few peripherally placed vacuoles. The remaining luteal 
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cells have shrunk further than those of seal 110 to 20-24 in diameter. The 
cytoplasm is dense and heavily staining, yet the nuclei show little change. 

Seal 6006, a Weddell Seal killed 31.3.45 contained a 30 cm. foetus. The ovary 
contained a corpus luteum measuring 28 x20 x30 mm. The ovary also contained 
a few follicles 5 mm. in diameter. Unfortunately the specimen was placed in 
salt before the fixation and little can be seen on microscopical examination. The 
luteal tissue has been destroyed, but the fibrous framework of the gland is intact 
and is greater in amount than in the preceding specimens. 

For the histological changes later in pregnancy recourse must be made to the 
specimens of P. vitulina and Callorhinus ursinus (table I and PI. II. fig. 9). These 
cover the period from the time when the foetus is 48 cm. in length to a few days. 
after parturition. The seal with the 48 cm. foetus (S 4) was killed in early July 
off the Faroe Islands. The corpus luteum was 22 mm. in diameter and almost 
spherical. 

The luteal cells are relatively small, 20 » in diameter on the average, and their 
cytoplasm is evenly granular. There are a few medium-sized vacuoles in some 
of the cells, but in general the appearances are of heavily staining cells with little 
vacuolation of the cytoplasm. 

There is some increase in the connective tissue, collagen has been deposited 
about the larger vessels and also in strands among the luteal cells. Fibroblasts. 
and endothelial cells are widely distributed throughout the gland. 

Later in pregnancy, just before the time of parturition, the appearance of the 
corpus luteum in P. vitulina is much the same. There is a steady sequence of 
retrogressive changes, shown mainly by the gradual shrinkage of the luteal cells, 
the increase in the connective tissue elements, and the narrowing of the lumina. 
of the blood vessels owing to the increase of the connective tissue in the tunica 
adventitia. The luteal cells, in increasing numbers as the time of parturition 
approaches, show evidence of the onset of degeneration. Not only does the size 
shrink but numbers of vacuoles appear in the cells, and the nuclei undergo typical 
degenerative changes. Parturition has no appreciable effect on these changes 
and the corpus luteum appears not to increase markedly in size at this time in 
P. vitulina and in the Antarctic species so far examined, as is said to occur in the 
Fur-seal (Enders e al., 1946). The number of lactating female seals that we 
have examined is not, however, large. 

If it is assumed that the mature seal ovulates once a year (see p. 439) then the 
largest corpus albicans in the ovaries is presumably that of the last cycle. In 
the Antarctic seals the corpus luteum is 14 mm. in diameter just after parturition. 
No specimens of Antarctic seals killed during late pregnancy are available in this. 
series. 

In P. vitulina, however, the corpus luteum just after parturition is still large, 
and it slowly shrinks during the next few months. The precise date of the 
disappearance of all traces of the corpus luteum cannot yet be given. In C. ursinus 
Enders et al. found traces of it two months after whelping. 

The post-parturient corpus luteum in seal 102 (a Crabeater) is 13 mm. in 
diameter and is probably two and a half months old. Seal 237 killed on 27.10.45. 
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with a pup had three corpora albicantia in one ovary, 14, 6 and 4 mm. in diameter. 
The corpus 14 mm. in diameter is presumably that of the last pregnancy, and the. 
smaller two are possibly those of previous pregnancies. 

All our observations agree with those of Bertram (1940) that in the Weddell, 
the Crabeater, and probably the Leopard Seals the corpus albicans persists for a. 
considerable period after parturition, possibly for the life of each individual. 
It is also apparent that there is no definite graduated decrease in the size of the 
scar of the corpus. Further, it is probable that subsequent cycles have different 
effects on the shrinkage rate of the corpus albicans. There appears to be, however, 
no definite evidence that the corpus albicans does not disappear (see Harrison, 
1949, for observations on a similar problem in Globiocephala). 

The ovaries from seventy-eight Northern Fur-seals (Callorhinus ursinus) have 
been examined together with parts of the reproductive tracts from a few of the 
seals. It is hoped that a full description of these specimens will be given in 
another paper. Seven of these animals are, however, of particular interest in 
connection with the changes described in this paper, and the ovaries of these 
animals will now be briefly described. 

Fur-seal 145 was killed on 27.7.49 and the field-notes state that the animal 
was a virgin. The right ovary contains a few follicles 2 mm. in diameter, and 
two 5 mm. in diameter. The left ovary is larger than the right and contains. 
numerous follicles 4 mm. in diameter, two 7 mm. in diameter and one 10 mm. in 
diameter. There is no trace of a corpus luteum in either ovary. 

The sub-surface crypts in the cortex of both ovaries are marked and are dilated.. 
There are a few oocytes; the majority of them show degenerative changes. In 
some places immediately beneath the tunica albuginea there are solid spheres of 
what appear to be granulosa cells but they enclose no oocyte. The peripheral part 
of the cortex is markedly oedomatous. Many of the follicles in both ovaries are 
healthy and the theca interna cells form a layer sometimes 0-25 mm. thick. These 
cells are some 15 » in diameter ; the cytoplasm is palely staining and occasionally 
contains vacuoles; many of the nuclei are vesicular. The theca interna layer is 
well vascularized in all the healthy follicles. Scattered irregularly throughout the 
interstitial tissue in the form of irregular clumps some 30 » in diameter are masses 
of amorphous basophil material. Histochemical tests have shown that these 
masses contain calcium salts, but their exact nature is not yet clear. 

Fur-seal 85 was killed on 27.7.49. The left ovary contains a number of follicles, 
the largest of which is 10 mm. in diameter. The right ovary contains no follicles 
visible to the naked eye. No trace of a corpus luteum is found in either ovary. 

Sub-surface crypt formation in the tunica albuginea is well marked and the 
crypts are dilated. Occasionally a series of crypts is present running parallel 
one below another in the tunica albuginea. From the crypts occasional solid spheres 
of cells have pushed into the peripheral part of the cortex. Only a few oocytes can 
be seen in any one section; those present possess a covering of granulosa cells 
one cell thick. Several of the medium sized follicles in the left ovary are atretic ; 
and one or two have the appearance of cystic spaces. The healthy follicles have 
some reduplication of the follicular wall but in no place is it particularly marked. 
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There are many mitoses in the granulosa cells of the healthy follicles. The theca 
interna cells of the healthy follicles are large and contain vacuoles. 

The right ovary shows no follicles larger than those possessing two or three 
layers of granulosa cells around the oocyte. The degree of crypt formation is 
possibly not as marked as in the left ovary and there are fewer protrusions into the 
underlying interstitial tissue. 

- Fur-seal 179 was killed on 4.8.49 ; the animal had been tagged and was known 
‘to be eight years old. The field notes state that the animal was lactating. The 
left ovary is the smaller, measuring 22 x20x18 mm. There is one small follicle 
3 mm. in diameter and a recent corpus luteum is present. The right ovary measures 
302422 mm. There are no follicles visible to the naked eye and there is an old 
retrogressing corpus luteum full of vacuolated luteal cells. The corpus luteum 
consists of two parts, a main spherical mass 4-5 mm. in diameter and a small 
knob-like herniated portion 3 x 2-5 x1 mm. 

The histological appearances of the two portions of the corpus luteum are 
essentially similar. Many fairly large vessels have been carried into the organizing 
corpus luteum and vascularization of the gland by smaller vessels is well advanced. 
‘There is evidence of the formation of vessels some 30 in diameter which are 
lined by a single layer only of endothelial cells and have the appearance of sinusoids. 
A capillary network is also forming in some places and it divides the luteal tissues 
up into groups of cells. The luteal cells are 18 to 20 » in diameter and are mostly 
distinct cells spherical or polyhedral in shape. Occasionally the cells are clumped 
into tight groups where there is little evidence of distinct cell membranes. Many 
of the larger cells are binucleated and some cells contain three or four distinct 
nuclei. All the nuclei of the luteal cells are vesicular. In some parts of the gland 
intercellular fluid further separates the groups of cells. There is little invasion by 
connective tissue elements, and there are few large trabeculae. At the periphery 
of the gland lie groups of small, lightly staining cells which have the appearance of 
theca interna cells. There are insufficient specimens of the early corpus luteum 
for any statement to be made on the fate of the theca interna cells in the corpus 
luteum. 

The sub-surface crypts are fairly well developed; in some places there are 
small projections into the innermost parts of the tunica albuginea, and occasional 
small islands of epithelial cells, which are in contact with the sub-surface crypts, 
and extend into the cortex. In many places in the tunica albuginea there appears 
to be a series of crypts running parallel one beneath another at successively deeper 
levels in the tunica albuginea. , 

The retrogressing corpus luteum in the right ovary exhibits a large number 
of vacuoles, some reaching a diameter of 124; the vacuoles are present in the 
rudiments of luteal cells, the cytoplasm of the latter having become eosinophil. 
The majority of the luteal cells contain many small vacuoles. Large numbers 
of more darkly staining cells are arranged in isolated groups throughout the corpus 
luteum. The cells are about 12 in diameter and contain markedly basophil 
nuclei. Blood vessels are present but many of the larger ones show thickening 
of the wall and several of them show obliteration of the lumen. 
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Fur-seal 13 was killed on 9.7.49 and was pregnant. The field-notes state that 
the animal was about to pup. It had been tagged and was known to be eight 
years old. The uterus, with its contents, weighs 16°5 lb. The left ovary contains 
many follicles 4-5 mm. in diameter. The right ovary contains no follicles visible 
to the naked eye but a retrogressing corpus luteum about 14 mm. in diameter. 
Sub-surface crypt formation in the tunica albuginea is marked and the crypts are 
some what dilated. In several places the crypts have penetrated the tunica 
albuginea and are forming small hollow spheres in the peripheral part of the 
cortex. The cells lining these spheres, which in some instances are in direct 
continuity with the crypts, are tall columnar cells that sometimes give the 
appearance of pseudo-stratification. An eosinophil amorphous material is present 
in a number of these hollow spheres. Many oocytes are present immediately | 
within the tunica albuginea and most of them are surrounded by a single layer 
of epithelial cells. One or two oocytes possess a covering of epithelial cells several 
layers thick, and the ooplasm contains many small vacuoles. 

The appearances of the retrogressing corpus luteum are essentially similar to. 
those seen in the retrogressing corpus luteum of Fur-seal 179 (see above). 

Some of the follicles, both large and small, show signs of atresia. The remainder 
are healthy and in a few there is evidence of some folding of the follicular wall 
in a manner similar to that of the fox (see also Enders, Pearson & Pearson, 1946). 
It-should be noted, however, that not all the follicles show this folding of the wall. 

Fur-seal 52 died in labour on 16.7.49 and was delivered of a pup 66-5 cm. in 
length and 10°5 lb. in weight. One ovary contains a few small follicles 2-4 mm. 
in diameter and one follicle 8 mm. in diameter. The other ovary contains a 
retrogressing corpus luteum 12 mm. in diameter. 

Fur-seal 27 died on 11.7.49 while it was still in labour. The pup had been born 
but the placenta had not been delivered. The left ovary contains a blood-stained 
corpus luteum 10 mm. in diameter. No follicles visible to the naked eye are 
present. The right ovary contains a few small follicles 2-4 mm. in diameter and 
one large follicle 11 mm. in diameter. 

Fur-seal 2 was killed on 6.7.49, one week after pupping; the animal was 
lactating. Both ovaries are of a similar size, approximately spherical, with an 
average diameter of 20 mm. The left ovary contains many small follicles between 
2 and 4 mm. in diameter; there are two larger ones up to 6 mm. in diameter. 
The right ovary contains no follicles visible to the naked eye but one retrogressing 
corpus luteum 12 mm. in diameter. 


Discussion. 


Two remarkable characteristics are found in the ovary of the adult seal: one, 
the presence of sub-surface crypts lined by germinal epithelium, is difficult to 
explain; the second, the change in the corpus luteum during pregnancy, is 
apparently related to the phenomenon of delayed implantation. 

The sub-surface crypts have been shown to vary in complexity during the 
reproductive cycle, their maximum development being found during the few 
weeks after parturition and at the time of ovulation or just after. These 
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remarkable formations have not yet been found in so high a state of development 
in any other species of mammal. It should be emphasized that they are definite 
tubes or clefts with a distinct lumen, and are not to be confused with Pfluger’s 
tubes. Mossman (1938) illustrated the cortex of the ovary of an immature 
porcupine which contained a cleft about 100, in length, lined by germinal 
epithelium, with an oocyte developing in the depths. Two of us have reported 
the widespread occurrence of sub-surface crypts from the germinal epithelium 
in the ovaries of the carnivora and a considerable number of other species 
including man (Harrison & Matthews, 1950). Mossman (1938) also gives a 
photograph of the ovarian cortex of Ursus horribilis showing formations which 
may be similar in lesser degree to those of the seal. 

Any explanation of the presence of these crypts in so great a number and with 
such diversity of form must take into account the function of the germinal epi- 
thelium. In all the specimens examined there is no doubt that cells leave the 
germinal epithelium of the crypts and invade the cortex. In our opinion the 
germinal epithelium is the source of the granulosa cells surrounding the developing 
oocytes. We find little evidence, however, for supposing that the germinal 
epithelium is also the site of origin of the oogonia or oocytes, at any rate in the 
seal. In no sections have we observed oogonia or oocytes actually incorpo- 
rated in the germinal epithelium lining the crypts or covering the ovary. The 
oocytes always lie some distance from the crypts, although in many instances 
there is direct continuity between the germinal epithelium of the crypt and the 
granulosa cells of the primitive egg nest. Nor are there any clearly recognizable 
examples of a gradual transformation of granulosa or epithelial cells into oocytes. 

The problem of the origin of the oogonia and oocytes in the mammalian ovary 
is difficult ; Everett (1945) has recently reviewed the literature and the various 
theories. The work of Gillman (1948) and Witschii (1948) on the source of oogonia 
in human embryos, and more recently that of Mandl & Zuckerman (1949) on 
ovarian autografts in monkeys, indicates that the oogonia or oocytes probably 
do not arise from the germinal epithelium, although as Everett suggests the germ 
cells may be temporarily stored in the covering epithelium. 

In all the sections of phocid and otariid ovaries examined the oocytes were 
found only in that part of the cortex deep to the most inward projections 
of the epithelium in the crypts. No oocytes have been observed near the 
epithelium covering the outside of the ovary, and oocytes are rarely seen in the 
innermost zone of the tunica albuginea. The oocytes are almost exclusively 
situated in the area immediately adjacent to the deepest terminations of the crypts. 
This local arrangement of the oocytes may be related to such factors as the 
blood supply. In other mammals a thick tunica albuginea does not prevent the 
presence of oocytes close to the germinal epithelium; it is therefore difficult 
to relate the presence of crypts in the seal to the relative thickness of the tunica 
albuginea or to its impenetrability. 

It is obviously difficult to draw conclusions from histological observations only ; 
it can merely be stated that in the seal the evidence suggests that the germinal 
epithelium is not the source of germ cells, at least during adult life. 
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The presence of precociously developing oocytes, sometimes with a diameter of 
over 100, was noted in the ovaries of adolescent seals particularly and of adults 
occasionally during the breeding season. Such oocytes have been previously 
reported in the goat (Harrison, 1948 a) and the ferret (Hamilton & Harrison, 
1950). They are almost always devoid of an epithelial envelope, and are usually 
relatively distant from the cortical epithelium. The significance of these oocytes 
also is difficult to assess. It is possible that they are atretic and that they have 
devoured or lost their epithelial cells in the process of degeneration. Mainland 
(1932) and Harrison (1948 a) have observed elongated bodies in the zona pellucida 
of some of these precociously enlarged oocytes in the ferret and the goat and have 
postulated that such bodies are the remnants of absorbed epithelial cells or their 
nuclei. It is also possible that these oocytes are ectopic oogonia or oocytes 
responding to hormonal stimulation, and that their distance from the germinal 
epithelium prevents them being surrounded by granulosa cells. This leads to 
the postulate that the oocytes may have some tropic influence on the epithelium, 
and cause its cells to grow towards the oocytes and surround them. It appears 
improbable, however, whatever the source of the oocytes, that the crypts of the 
seal ovary merely bring the source of granulosa cells closer to the oocytes. 
We have suggested (Harrison & Matthews, 1950) that the sub-surface crypts 
in the cortex of the ovary of the seal and of other mammals may indicate, in 
a vestigial form, the primitive pattern of a gonad composed of almost independent 
or partially fused units, separated by deep clefts. 

The life history of the corpus luteum in the seal is particularly interesting 
because of the changes occurring during the period of delay in implantation. 
The gross appearances of the gland in Antarctic seals have received considerable 
attention from Bertram (1940), but little has been reported on the histological 
changes. The present work indicates that the corpus luteum is first formed in 
a manner typical of the mammalia in general (Harrison, 1948 b). The subsequent 
development, however, shows a number of differences. In general it may be said 
that at the time the blastocyst probably reaches the uterus (late November in the 
Hope Bay area) the corpus luteum has not reached a stage of development 
similar to that in other mammals when this event occurs. Although 
relatively large, the appearances of the gland are hardly those of maturity. The 
luteal cells have not reached their maximum diameter, and many show vacuolation 
of the cytoplasm. Vascularization is incomplete and the invasion of the gland by 
connective tissue elements is retarded by comparison with the state of affairs in 
other mammals. 

During the subsequent ten to twelve weeks the corpus luteum retains much the 
same picture of retarded development. The luteal cells become filled at some time 
with vacuoles of varying sizes. Many of the cells are similar in appearance to the 
** mulberry ” cells described by Corner (1945) in the retrogressing corpus luteum 
of the rhesus monkey and by Harrison (1946) at the same stage of the gland in 
the mare. It could be said, from histological and cytological criteria, that the 
luteal cells of the seal’s corpus luteum probably pass through a period of relative 
inactivity. The changes occurring in the reproductive tract at this time are 
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discussed in another section (p. 516) and the evidence of these tends to support 
this view. 

The appearances of the gland change immediately implantation occurs, and 
possibly even before. The luteal cells lose their vacuoles and the histological 
picture of the gland rapidly becomes that of maturity, and resembles that seen 
in other mammals at the seventh to eighth day after ovulation. The luteal cells. 
rapidly reach their maximum size and the gland may be said to have reached 
the height of its cytological development, and probably its maximum activity, 
during early February in the Antarctic seals of Hope Bay. The appearances of 
the corpus luteum remain those of an active gland until the embryo reaches a 
length of approximately 22 mm. From this stage until the embryo is about 
75 mm. in length the corpus luteum passes through what may be termed a 
transition phase. During this time the luteal cells shrink, and may become heavily 
vacuolated before taking on a fibrous appearance. It is presumed that during 
this phase the corpus luteum is reflecting the increasing activity of the placenta. 
It is now fairly well established (see van der Horst & Gillman, 1946, and Harrison, 
1948 a, b) that the activity of the corpus luteum is adjusted to the increasing 
cytological development and hormonal activity of the placenta. 

In Antarctic seals, however, it appears that when the embryo reaches a length 
of about 75 mm. a gradual fall of activity starts in the corpus luteum, shown by 
the. cytological changes in the gland. The stage at which the gland becomes 
retrogressive apparently varies according to the species. In the Weddell and 
Crabeater Seals the gland is heavily invaded by connective tissue probably some 
time before parturition, for at this time the gland has shrunk to half its maximum 
diameter and shows little evidence of activity. In the Common Seal, and in the 
Fur-seal, on the other hand, the gland remains large at parturition, and in the 
latter is at its largest. The luteal cells, however, are heavily vacuolated at this 
time, and it is unlikely that much progesterone is produced. 

The post-parturient fate of the gland appears also to differ between species. 
Bertram (1940) notes the persistence of the corpus albicans, possibly for the life 
of the seal, in Antarctic species. We agree that it does indeed persist for a long 
time, but we feel that the evidence for its persistence for the life of the individual 
is not conclusive. In the Fur-seal and apparently also in the Common Seal, the 
corpus albicans persists only for a short time, perhaps about two months, or 
possibly for the duration of lactation. 

Little is understood as yet about the factors concerned in delaying implantation 
in those species in which it occurs. Few histological observations have been made 
on these species, but in Mustela frenata, M. cicognani, Martes americana, and 
M. caurina the corpora lutea are small and inconspicuous when associated with 
unimplanted blastocysts. In the martens and in Dasypus novemcinctus the luteal 
cells are highly vacuolated during the period of delay (Wright, 1942; Hamlett, 
1932, 1935). It may therefore be deduced that the corpus luteum itself is not 
primarily responsible for the delay in implantation, but its decreased activity 
reflects reduced stimulation, probably from the pituitary. 

It is noticeable that in the corpus luteum of seals the theca interna cells are 
easily seen during the early stages of development, when they lie in groups at the 
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periphery of the gland; later in pregnancy they disappear or are hard to find. 
They show every evidence of secretory activity during this early period, and 
oestrogen is probably formed during the period of delay. The appearances of the 
uterine mucosa too during the period of delay (see p. 514) could have been 
brought about by oestrogens. There is thus the possibility that during the period 
of delay, the ovary produces oestrogens in sufficient quantity, perhaps from the 
interstitial cells as well as from the theca interna, to have an appreciable oestrogenic 
effect on the mucosa despite the presence of luteal tissue. The mucosal appearances 
are not those of exposure to progesterone, and the luteal cells apparently produce 
little or no progesterone. It is thus logical to assume that the massive vacuolation 
of the luteal cytoplasm reflects a cessation or marked reduction in secretory 
activity. This effect is obviously transitory, and we suggest that if the theca 
interna cells are present the action of their oestrogen causes sufficient persistence 
of the corpus luteum (Asdell, 1946) to allow secretory activity to recover and thus 
to bring about implantation. 

The development of follicles during early pregnancy (see p. 494) is probably 
associated with the increasing activity of the placenta. A similar appearance of 
follicles in early pregnancy has been noted in the goat (Harrison, 1948 a); in the 
mare such follicles reach maturity and are converted into accessory corpora 
lutea about the fortieth day (Amoroso, Hancock & Rowlands, 1948). 

We have already commented on the remarkable size of the ovary in the foetal and 
newborn seal (Harrison, 1950 ; Amoroso, Harrison, Matthews & Rowlands, 1951) ; 
further investigations are in progress on the ovary of the Grey Seal. There is 
some evidence that the ovary of the foetus does not itself produce gonadotrophins, 
but that it is a target-organ for the stimulus that produces such marked changes 
in the uterus and vagina (see p. 510). We have suggested that these changes 
could be caused by progesterone acting on an oestrogen-primed genital tract ; 
it is also possible that the changes in the uterus and vagina are due to circulating 
oestrogens alone. The changes in the gonad, however, are with difficulty ascribed 
to the action of oestrogens ; they resemble more the effect of lutealizing factors 
from the anterior pituitary. The part played by the placenta in the changes 
described cannot be ascertained as yet, but it is probable that the seal’s placenta 
produces a chorionic gonadotrophin. It has been shown, further, that during 
the later part of pregnancy the maternal ovary contains numerous, apparently 
healthy follicles which almost certainly produce oestrogens. We cannot say whether 
these affect the foetus, but would point out that the placenta of the cat is known 
to allow the transference of maternal hormones to the foetal circulation (Courrier 
& Gros, 1932). It is not known whether the foetal pituitary is involved in the 
changes in the foetal gonads, but we hope that the recent acquisition of new material 
from neonatal seals may help in deciding this question. 

Histological changes in the uterine tube and uterus. 
The uterine tube. 


The uterine tube is enclosed between the two layers of peritoneum forming the 
ovarian bursa (see pp. 466 and 474). It follows a sinuous course from the tip of the 


uterine horn along the infero-lateral aspect of the bursa, turning round its cranial 
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extremity and then running along the supero-medial aspect to a point almost 
opposite its origin. The greater part of the ovarian bursa lies above the tube. 
The tube varies markedly in its diameter along its course. At the distal (uterine) 
end it has a small lumen and is thick-walled, the lumen at the cornuo-tubal junction 
being about 0-5 mm. in diameter in the adult Common Seal. The external 
appearance of the tube is constant for the distal 5-6 cm. of its total length of 13 cm., 
the lumen only enlarging slightly ; the tube is most sinuous in this part of its 
course. At the cranial end of the bursa the tube become straighter and larger, 
the diameter gradually increasing to about 2 mm. some two-thirds of the way 
along the tube, and then increasing more rapidly to 4 mm. in diameter at the 
opening. The walls of the tube are thinner at the proximal end, and the mucous ~ 
membrane is thrown into obvious longitudinal folds continuous with the folds 
of the fimbria that may project beyond the opening for some distance along the 
wall of the bursa. The degree of projection of the fimbria appears to depend 
on the species, on the age of the seal, and on the stage reached in the reproductive 
cycle. 

Histologically the uterine tube consists of the usual layers of muscle and mucous 
membrane. The muscle-coat is thickest at the isthmus and is composed mainly 
of circular or spiral fibres. In the adult Common Seal the muscle-coat is over 
0-5 mm. in thickness, the circular fibres being 0-3-0-4 mm. thick. The longitudinal 
fibres are arranged in small fasciculi separated by connective tissue; they lie 
chiefly on the dorsal aspect of the tube. Towards the ampulla the muscle-coat 
becomes thin (0-2-0-25 mm. in P. vitulina) and the circular fibres are separated 
into more distinct bundles by intervening connective tissue and blood vessels 
running in a circular fashion. The longitudinal fibres are less prominent towards 
the ampulla and occur as isolated bundles, sometimes lying at some distance from 
the circular fibres. The lamina propria is thickest at the isthmus and in the first 
third of the tube ; it consists of moderately compact connective tissue, capillaries, 
and some small round cells, probably lymphocytes, with darkly staining nuclei. 
At the infundibulum the lamina propria is very thin, and in some places the 
epithelium is separated from the muscle-coat by only a few fibres of connective 
tissue. 

The mucous membrane as a whole is thrown into a number of folds that run 
longitudinally. These folds are simple in the isthmus, and show the most 
complicated arrangement in the middle third of the tube. In the infundibulum 
they consist of either short ridges or long frond-like processes projecting into the 
cavity of the tube and, at the ostium itself, into the ovarian bursa. 

The epithelium consists of a single layer of columnar cells ; it contains secretory 
cells, and non-secretory cells that are occasionally ciliated. The edge of the 
epithelium is relatively uniform and the secretory cells do not appear to project 
much beyond the non-secretory ones at any time in the reproductive cycle. Many 
small round cells with darkly staining nuclei lie close to the basement membrane, 
or actually within the epithelium. These cells are more frequent during the 
post-parturient period, and it is possible that they are young secretory cells. 
The ciliated cells appear to be few in our specimens, and they are irregularly 
distributed throughout the tube. 
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We possess insufficient specimens to make a definite statement about the 
histological changes during the reproductive cycle. It appears, however, that 
there is no change in the length of the epithelial cells, and that the epithelium 
becomes pseudo-stratified during the period when ovulation is believed to occur ; 
there is also an increase in the activity of the secretory cells at this time. There 
is no detectable change in the general appearance of the mucous membrane, 
except that the tunica propria may become thicker and oedematous at ovulation. 


The uterus. 

The histological changes in the uterine mucosa have been examined in a series 
of foetal, newborn, adolescent, and adult seals. Descriptions of the ovary and 
the vagina of most of these animals are given in the appropriate sections and 
the gross anatomy of the uterus is described on p. 460 et seg. It should be noted 
that descriptions of the mucosa apply principally to that of the horns of the uterus, 
since in no specimen, apart from the pregnant animals, have we observed any 
essential difference in the mucosa of the horn from that of the body of the uterus. 


Foetal, newborn and adolescent seals. 

The uterine horns and the body of the uterus of an 18 cm. foetus of the Weddell 
Seal have been examined. The fused and unfused horns together measure 4 mm. 
in’ length, and the diameter of the unfused horn is 1:55 mm. The body of the 
uterus is 1-5 mm. in length and 1-7 mm. in diameter. The lumen of each horn 
and of each side of the externally fused horns is a regular oval in shape, the long 
axis of the lumen being placed in the antero-posterior plane. The epithelium has 
a uniform thickness of 40 1, and is composed of three to four layers of high cuboidal 
cells ; no cilia are present on the superficial layer. The sub-epithelial zone consists 
of numerous poorly differentiated, closely packed cells surrounding an already 
fairly well-developed network of arterioles and capillaries. A few bundles of 
primitive smooth muscle fibres are present at the periphery of sections, but little 
differentiation of the uterine muscle has occurred at this stage. 

The complete uteri of two specimens of near-term foetuses of the Common Seal 
are available (Pl. ITI, fig. 1). Both cows were shot off the Faroe Islands, and it is 
believed that parturition would have occurred within the subsequent two weeks. 
Each horn of the foetal uteri has an external diameter of 0-7 to 0-8 cm. and the 
lumen is in the form of a narrow letter H. The mucosa. is raised into four main 
folds, which almost meet across the lumen. The folds have a central core of 
connective tissue, and the largest fold is almost 2 mm. in height. The mucosa 
varies from 0-5 to 1-0 mm. in thickness, and is separated from the innermost layer 
of the muscle-coat by a thin zone of connective tissue containing numerous blood 
vessels. The muscle-coat appears to be divisible into three layers ; the first and 
the second inner narrow circular layers lie immediately against a thicker layer of 
longitudinal fibres. This layer is broken up into bundles, and lies within a stratum 
of connective tissue containing numerous large vessels. A further part of the 
layer of longitudinal muscle fibres beneath the serous coat is divided into many 
small bundles by connective tissue septa. 
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The epithelium is thick, and is composed of several layers of lightly staining 
cuboidal or polyhedral cells reaching a total height of 150 1 in some places. The 
epithelium is not intact, and in large areas the superficial layers of cells are breaking 
away into the lumen. Where the superficial layer is intact it consists of low © 
‘cuboidal cells, considerably swollen, with their nuclei in a basal position. Many 
of the nuclei of these superficial cells are pyknotic or show evidence of disintegration. 
The zone immediately beneath the epithelium contains numerous newly formed 
capillaries, many of which do not appear to have a lumen. 

The main characteristic of the mucosa is the presence of many convoluted 
uterine glands that extend almost to the muscle coat. The ducts are short, straight, 
some 80 to 100 » in length, and are lined by low columnar cells ; they have a distinct 
lumen often filled with mucus. The glands are coiled; they have a maximum 
external diameter of 100 and a lumen occasionally as wide as 60, filled with 
mucus. Some of the glands at the periphery of the mucosa have not yet become 
patent. The cells lining the glands are mainly cuboidal, but some tall columnar 
cells are also present. The nuclei are usually large and vesicular, and are mainly 
in the basal part of the cells. Many of the cells are heavily vacuolated ; their 
cytoplasm is granular, but in many places it has a clear, hyaline, slightly basophil 
appearance. Many of the glandular cells, particularly in the peripheral part of 
the mucosa, contain mitotic figures. The stroma between the glands is uniform 
over the whole mucosa and consists of loosely arranged, pale staining connective 
tissue cells, separated by numerous fluid-filled spaces. _ 

The uterus of the newborn Grey Seal has also been examined ; macroscopically 
it much resembles that of the bitch when in oestrus. The uterine mucosa is 
thickened, and the epithelium is several layers thick. The uterine glands are 
numerous, enlarged, and extend almost to the base of the mucosa. The histological 
appearance of the glands and the mucosa much resembles that described above 
in the foetuses of the Common Seal. 

It is evident that the uterus in both species has been subjected to a stimulus 
that has caused proliferation of the epithelium, and coiling and active secretion 
of the glands. 

Occasionally, particularly in the fused horns, there are large cyst-like spaces 
over 300» in diameter beneath the epithelium ; they appear to be dilated ducts 
filled with mucus. 

A few specimens of the Common Seal, killed less than one to two weeks after 
birth, are available (see table I and PI. III, fig. 2). The uteri of these specimens 
are somewhat smaller than those of the foetal specimens. The horns are 4 to 5mm. 
in diameter, the lumen is more pronounced, and is either stellate or in the shape 
of a swollen letter H. The epithelium is a single layer of low columnar pale 
staining cells with large oval nuclei. At irregular intervals a few narrow columnar 
cells, with basophil cytoplasm and heavily staining nuclei, occur. All the nuclei 
are centrally placed in these cells. 

The mucosa contains many coiled glands that extend to the base, but they 
are not so large as in the previous specimens, their external diameter seldom 
being greater than 70. The majority of the cells lining the glands are of a low 
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columnar type with centrally placed, darkly staining nuclei; vacuoles are common 
in the cytoplasm. The lumina of the glands are smaller than in the foetal and 
newborn specimens, and in only a few is there any evidence of secretion. A few 
of the cyst-like spaces seen in the foetal specimens are present, but their contents 
have a more watery appearance, and the cells lining them are cuboidal with central 
nuclei. The stroma is more cellular than in the previous specimens, and there 
is little evidence of oedema. 

The uteri of the specimens of Common Seal (PI. III, fig. 3), which we believe to 
be more than one but less than two years old, are considerably smaller than those 
of the recently born. There is some variation in the diameter of the uterine horn, 
and in two specimens the whole uterus is flattened dorso-ventrally so that the horn 
measures 6 mm. across and 2:5 mm. in depth. In another specimen, which is at 
least eighteen months old, the horn measures 5 mm. by 3 mm. The average 
thickness of the mucosa is 150», but in some places it is raised into pronounced 
folds. The lumen is slit-like and forms a flattened letter H. 

The muscle-coat is more clearly differentiated into an outer longitudinal layer 
divided into bundles by connective tissue septa, and a pronounced circular muscle 
layer, the two separated by a broad zone of connective tissue containing many 
large arteries and veins and a few scattered bundles of longitudinal muscle fibres. 

The epithelium consists of a single layer of basophil cuboidal cells with darkly 
staining nuclei. Immediately beneath the epithelium a narrow zone some six to 
ten cells thick consisting of densely packed stromal cells may be called a stratum 
compactum. A few capillaries are also to be seen in this zone. 

The glands are small, straight or slightly coiled and only a few extend to the 
base of the mucosa. They seldom exceed 35 in external diameter, and few 
possess a lumen. The cells lining the glands are all small, densely eosinophil and 
have heavily staining nuclei. There is no evidence of active secretion. The stroma 
is more cellular than in the younger specimens, and there is no oedema. 

The uterus of an immature Fur-seal, Callorhinus ursinus (145), which is 
described as a virgin in the field notes, has been examined. The uterine horn 
measures 8 mm. in diameter. The lumen is stellate in shape, with its limbs 
180 u across. The muscle-layer consists of an inner circular layer some 100 u 
thick, and an outer layer of numerous bundles of longitudinal muscle separated 
from the former by a thick layer of connective tissue containing many large 
vessels. 

The epithelium is 30 in height and is pseudo-stratified (Pl. III, fig. 4). It 
consists of two types of cell; one columnar, pale staining, with an oval nucleus 
usually in the centre of the cell, the other a narrow columnar cell with a darker 
staining nucleus that occupies the basal two-thirds of the cell. There are no cilia. 

The glands are evenly distributed over the mucosa and seldom reach its base. 
They are mainly straight and their average external diameter is 60. Most of 
the glands possess lumina, except at the periphery of the mucosa, where there 
are occasional solid cords the cells of which are actively dividing. The cells 
lining the glands in the central part of the mucosa are columnar, the nuclei 


occupying the central or basal third of the cells. The cytoplasm is eosinophil 
3x 2 
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and granular; there is no evidence of active secretion. Interspersed between 
these cells are many narrow columnar cells with basophil cytoplasm and flattened 
heavily staining nuclei. 

The mucosal stroma is evenly cellular and is not oedematous; there is some 
condensation of the cells in the immediate sub-epithelial zone to form a narrow 
stratum compactum. 


The uterus of adult seals. 

The uteri of Fur-seals 85 and 179 will be described first for comparison with the 
specimen described above. Fur-seal 85 possesses ovaries that contain many follicles 
up to 5 mm. in diameter, and in the left ovary one 10 mm. in diameter. The left 
uterine horn is 12 mm. in diameter, and the right 17 mm. 

The left horn shows some changes from the conditions found in seal 145; the 
epithelium is about the same height, but the cells contain more cytoplasm, and 
the nuclei are vesicular and are mainly basal in position. Few of the flattened 
narrow basophil cells are to be seen. The glands (PI. III, fig. 5) are about the 
same in number, and as regularly distributed, as in seal 145; but they are larger, 
being 75 to 80 » in external diameter ; all possess lumina some 10 to 15 » in diameter. 
‘The cells lining the glands have an abundant cytoplasm and their nuclei are nearly 
all basal in position. The stroma is dense, but shows some evidence of oedema, and 
there is considerable engorgement of the blood vessels. The stratum compactum 
is more pronounced than in seal 145, and contains numerous stromal cells whose 
general position is parallel to the surface of the epithelium. 

The histological characteristics of the right horn are essentially similar to those 
of the left, but show two pronounced differences in the stroma. This contains many 
heavily pigmented cells distributed in the inner third of the mucosa, and 
occasionally in small groups beneath the epithelium. There are also many old 
obliterated and sclerotic vessels, and in many areas the stroma contains patches 
of eosinophilic and hyaline material. The appearances of the cervix are illustrated 
in- Pl HT fie. 

Fur-seal 179, killed 4.8.49, contains a recent corpus luteum in the left ovary 
{see p. 502). No products of conception were recovered. The left horn is 14 mm. in 
diameter and right horn 10 mm. Both horns are essentially similar in their 
histological characteristics, and each contains a large dilated stellate lumen. The 
mucosa is thrown into folds, the largest of which is 3 mm. in height. The 
epithelium is 15y in height and consists of a single layer of heavily staining 
cells, whose nuclei almost fill them. The glands are markedly coiled (Pl. III, 
fig. 6), and extend to the base of the mucosa ; they have an external diameter of 
100 yp. They all possess lumina, and the majority contain secretory products. 
The tall columnar cells lining the glands have nuclei at their bases; the inner 
part of their cytoplasm is frequently vacuolated, and the edge of the epithelium 
is often serrated. The mucosa is markedly oedematous and hyperaemic. 

We have examined sections of the uteri of a number of Weddell and Crabeater 
Seals, details of which are given in table 1; descriptions of the ovaries and vaginae 
of these animals will be found in other sections (pp. 495 and 522). Unfortunately the 
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series is not only incomplete, but for several specimens the field workers have 
given no indication of the site of origin of the portion of the uterus we have 
examined, nor has the material been properly fixed. The following brief 
observations are therefore presented merely as a record of our best material. 

Crabeater 6119 was killed 12.10.45 and the one ovary preserved contained 
many follicles from 1 to 8 mm. in diameter. The portion of uterine horn examined 
has a mucosa some 2 mm. thick, consisting of three distinct zones. The superficial 
zone contains the epithelium and the ducts of the glands; the stroma is most 
dense in this region. The intermediate zone contains the bodies of the uterine 
glands, many patent vessels, and some vessels that are obliterated and sclerotic. 
The stroma is less dense in this zone and is somewhat oedematous. The basal 
zone of the mucosa consists of loosely arranged oedematous connective tissue 
containing many large vessels. This zone is almost equal in depth to the superficial 
two zones together. 

The epithelium is 25 to 30 in height and consists of a single layer of cuboidal 
cells with oval vesicular nuclei occupying their basal portions. The glands are 
relatively straight and are seldom more than 60, in diameter. The majority 
have a lumen, and the cells lining the glands are similar to those of the uterine 
epithelium ; there is no evidence of secretion. 

A small portion of the corpus uteri of Crabeater 6125 has been examined. The 
animal was killed on 25.10.45 ; one ovary contains follicles up to 7 mm. in diameter. 
The general characteristics of the mucosa are similar to those described above, 
except that the glands are smaller, being only 35 to 40 » in diameter. The glands 
are lined mainly by low cuboidal cells, and few have a distinct lumen. Occasionai 
mitotic figures are present. 

The mucosa from the body of the uterus of Weddell Seal 6143, killed 7.11.45, 
is some 1-5 to 2 mm. thick. The stroma is abundant, not densely cellular, and 
somewhat oedematous. It contains remnants of obliterated arteries, but there 
is also considerable engorgement of its other blood vessels. The epithelium is 
pseudo-stratified, some 30 yu in height, and is mainly composed of columnar cells. 
The glands are sparse, extend only for some 0-5 mm. from the surface, are seldom 
more than 50» in diameter, and are patent only near the ducts. 

The portion of the uterine horn of Weddell Seal 6153 is badly fixed. The ovaries 
of this animal contain a few small follicles up to 6 mm. in diameter. In general, 
as far as the fixation permits observation, the conditions appear to be similar to 
those in the uterine horn of specimen 6119. 

One ovary of Weddell Seal 244, killed 15.11.45, contained an old corpus luteum, 
the other contained many small follicles, and one follicle 9 mm. in diameter. The 
portion of mucosa examined appears to have been removed from one of the large 
folds. The epithelium is pseudo-stratified, and consists of tall columnar heavily 
staining cells and short cuboidal cells with lighter staining oval nuclei. The 
epithelium is some 40 u thick, and most of the nuclei lie in the basal third of the 
cells. The glands are slightly tortuous, about 90 to 100 uw in diameter, and possess 
lumina. The cells lining the glands are columnar and their nuclei are situated 
at their bases; there is no evidence of secretion. The stroma is oedematous and 
contains many obliterated sclerotic arteries. 
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One ovary of Weddell Seal 243, killed 29.11.45, contains a recent corpus luteum 
(see p. 495). The mucosa of one uterine horn has been examined ; it is raised into 
folds some 5 to 8 mm. in height. The condition of the mucosa is obscured by the 
presence of large numbers of obliterated arteries. The epithelium is similar to 
that of the previous specimen. The glands appear to be slightly greater in number, 
and are longer than in any specimen so far described, in some places almost 
reaching the base of the mucosa. The glands are slightly more coiled than in the 
previous specimens (Pl. ITT, fig. 8), but the degree of coiling is not as marked as 
that seen in Fur-seal 179. The diameter of most of the glands is 120», but some 
are larger; the lumen is small owing to the enlargement of the cells lining the 
glands. These are tall columnar cells, with the nuclei in the basal third, or at 
the base of the cells. The cytoplasm is heavily granular and contains numerous 
small vacuoles. There are secretory products within the majority of the glands. 

Blastocysts were recovered from Crabeaters 246 and 247, which were killed 
27.12.45 and 3.1.46 respectively. The mucosa from the site of recovery of the 
blastocyst is available in each specimen, and in 247 the sterile horn has also been 
examined. The preservation is unfortunately poor, but it is possible from the 
better fixed areas to ascertain that the appearances are much the same as in 
specimen 243. The epithelium has similar characteristics, but the glands are 
slightly smaller, none being larger than 90 in diameter. Although much of the 
secretion has disappeared it is apparent that the glands have been active, for the 
nuclei are still in the basal part of the cells, and the cells are lower than in specimen 
243. Many of the nuclei are smaller than those of the cells in the glands of 243, 
and many of them are dense and heavily stained. There is also evidence of 
destruction of the inner portion of each cell, and few vacuoles are present. Many 
cyst-like dilatations of the ducts are present; and occasional cyst-like spaces, 
lined by low cuboidal epithelium, are encountered in the centre of the mucosa. 
The stroma is densely cellular in both specimens, and there is little evidence of 
oedema. Both specimens show considerable engorgement of the vessels. 

Most of the remaining specimens are taken from pregnant animals, with the 
exception of Weddell Seal 115, killed 14.2.47, and Crabeater 108, killed 9.2.47, 
about which no field notes are available. These two seals both have an active 
corpus luteum in one ovary, and the appearances of the mucosa are essentially 
similar to those of seal 102. At the time of implantation the most striking change 
in the appearance of the mucosa is the marked engorgement of the blood vessels. 
All are distended more than in any previous specimen, and the sub-epithelial 
capillary network particularly becomes evident. The epithelium consists of high 
columnar cells, up to 35y in height, and the majority of the nuclei are swollen 
and vesicular. The cytoplasm is granular, and its inner portion contains numerous 
minute vacuoles. Interspersed among the swollen columnar cells, are narrow 
compressed columnar cells with elongated, slender, darkly staining nuclei. The 
glands vary between 45 and 90 in diameter, and all contain secretory products. 
The cells lining the glands are similar in appearance to those of the epithelium, 
except that their shape is cuboidal. The stroma is much less densely stained than 
in the previous specimens, and there is considerable oedema. The stromal cells 
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are swollen, and have a clear pale staining cytoplasm ; their nuclei also are swollen, 
vesicular and pale staining. 

_ Later in pregnancy, in Crabeaters 101, 110 and Weddell Seal 106, which 
contained embryos 14 mm., 22 mm., and 75 mm. in length respectively, there is 
not such pronounced engorgement of the uterine vessels. The epithelium in the 
para-placental area and in the sterile horn is lower, being 15 in height. The 
cells are cuboidal in shape, and the large vesicular nuclei almost fill them. The 
glands are similar in diameter, but there is not such marked secretory activity. 
Most of the cells lining the glands are low, cuboidal, and pale staining. The 
stroma is oedematous, but appears to be more cellular, and the cytoplasm of the 
cells is not so abundant as in the specimens obtained just after implantation. 
Cyst-like dilatations of the ducts of the glands, some up to 300, in diameter, 
have been observed in all sections of the mucosa of these pregnant animals. The 
cysts contain mucoid material that is more heavily stained than the secretory 
products within the glands, and they are lined with a low cubical epithelium that 
does not appear to be secreting. Such cysts are also found at some depth in the 
mucosa, where they appear to be localized dilations of the glands. Several of these 
dilations are continuous with the gland tubules, but the majority have no such 
connection. 

The mucosa of the uterine horn from several Common Seals killed late in 
pregnancy has also been examined. One of these animals, S84, contained a 
48 cm. foetus, and two others contained larger ones. In these specimens the 
epithelium in the para-placental region of the mucosa shows some differences 
from that in the sterile horn. These differences are probably correlated with 
our finding that in pregnant seals of all the species we have examined there is 
considerable disparity in size between the pregnant and sterile horns (see also 
Enders, Pearson & Pearson, 1946). The epithelium of the pregnant horn is lower 
in most places, and the cells tend to be cuboidal. The glands are seldom over 
60 » in diameter in the pregnant horn ; all the glands contain secretory products. 
The mucosa of the sterile horn of these pregnant animals contains many cystic 
dilations similar to those observed in the mucosa of other specimens. Some of 
these cysts are over 0-25 mm. in diameter ; smaller ones have also been observed 
in the mucosa of the pregnant horn in the para-placental region. 

We have also examined sections of the placenta of these animals. The series is 
so incomplete, however, that we feel unable to present our findings until we have 
further material. A description of the arrangement of the foetal membranes 
is given below (p. 527). 


Discussion. 

It is evident that the uterus of the late foetal and newborn Common and Grey 
Seals responds to the same stimulus that acts upon the vagina (p. 525), and 
possibly upon the ovary (p. 507). All the phenomena that occur during the latter 
part of pregnancy in the Common Seal and are found at birth in the Grey Seal 
—the enlargement of the uterus, its engorgement with blood, the relatively thick 
mucosa containing numerous enlarged tortuous and active glands, the proliferation 
of the uterine epithelium—could be caused, perhaps, by the action of oestrogen 
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alone or by progesterone acting on an eostrogen-primed uterus. It should be 
noted that Courrier & Gros (1932) observed that the glands in the uterus of the 
newborn kitten are active, and Asdell (1946) has suggested that this activity may 
be due to the placenta being a less efficient barrier to hormones than it is in most. 
species. This suggestion implies that the stimulus affecting the foetal uterus is 
of maternal origin, and is supported by our observation, and that of Enders, 
Pearson & Pearson (1946), that the ovary not possessing the corpus luteum contains. 
towards the end of pregnancy and at term many medium sized and occasional large 
follicles that possibly are producing oestrogens. On the other hand, it has 
yet to be shown to what extent the placenta, and possibly the foetal ovaries, may 
be a source of circulating oestrogen and progesterone. Fuller discussion of the 
possible hormonal factors exerting an effect on the foetal reproductive organ is 
given in the section on the ovaries (p. 507). 

There is little doubt that precocious development and activity of the uterus 
and its glands ceases soon after birth. We have insufficient material of known 
age to give a precise time for the length of the period of involution, but involution 
appears to be well advanced one week after birth. Courrier & Gros (1932) note: 
that glandular activity in the newborn kitten also subsides soon after birth. 

It appears probable from our material that there are three phases of activity 
in the uterus of adult Weddell and Crabeater Seals during the early part of 
pregnancy. First, the rupture of the follicle and formation of a corpus luteum 
are associated with an increased coiling of the uterine glands and an initial secretory 
activity that progresses from the proximal to the basal part of the glands. At the 
time when the corpus luteum appears to be fully formed most of the glands are 
not particularly marked and the degree of coiling and of secretory activity is not 
so great as that occurring in the cat (Foster & Hisaw, 1935) or in the ferret 
(Hammond & Marshall, 1930). Secondly, it appears that during the period of 
probable delay in implantation there is some recession in the size of the uterine 
glands and in their activity. Thirdly, implantation is associated with a marked 
hyperaemia and congestion of the mucosal vessels. The glands are largest during 
the early part of pregnancy and appear to be most active at this time. Cysts of 
various sizes, from 0-1 to 0-3 mm. in diameter, are frequently found in the mucosa 
during pregnancy, particularly in the sterile horn. 

It seems probable that there are no marked changes in the mucosa at the time 
of receiving the male. The glands are not markedly coiled, and the lumen of 
each gland is small and only occasionally contains traces of secretory products. 
This lack of any distinct mucosal reaction at the time when the cow is receptive 
to the male can be correlated with the lack of marked changes in the vagina (p. 526), 
and with the apparent absence of behavioural manifestations of the cow when in 
heat (p. 439). It must, however, be emphasized again that the work reported 
here is handicapped by insufficient material, lack of field notes, and the great 
difficulty of establishing the point in its reproductive life at which an animal was 
killed. This paper is simply a report on the material we have examined, and we 
hope that future observations will amplify our findings. 
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Histological changes in the vagina. 


Foetal, newborn and adolescent seals. 

The only vagina of the foetus of an Antarctic seal that we have examined is 
that of an 18 cm. foetus of the Weddell Seal. Two near-term foetuses of the 
Common Seal and several recently born specimens of Grey Seal and Common Seal 
have been dissected and the reproductive tracts have been sectioned. One of us 
was present at the birth of the Grey Seal pups, and their age is known exactly ; 
the age of the young Common Seals is more difficult to assess, but, judging from 
observations on the herd by local fishermen, it is probable that they are from one 
to two weeks old. 

The vagina of the 18 cm. foetus of the Weddell Seal is 9 mm. in length, 2 mm.. 
in width and its lumen is flattened to a narrow slit antero-posteriorly. The 
epithelium is 50 to 60 w in height and consists of six to eight layers of cells (Pl. IV, 
fig. 1). The basal layer consists of darkly staining low columnar cells with granular 
cytoplasm. The intermediate cells are larger, more pale-staining, and are often 
vacuolated. Their nuclei are also larger than those of the basal layer, and are 
vesicular and oval or round in shape. In some areas squamous cells are present. 
The cytoplasm of the polyhedral cells is clear and often contains vacuoles ; the 
nuclei are frequently pyknotic. The sub-epithelial zone is composed of typical 
loose embryonic connective tissue, but there is a definite vascular network, and 
new vessels are in the process of formation. Strands of smooth muscle fibres, 
mainly circular in distribution, are differentiating, and occasional bundles of 
longitudinal fibres are present. The vagina of this specimen appears to have 
reached a more advanced stage of cytological and histological differentiation than 
the other parts of the tract. 

The vaginae of the two near-term specimens of the Common Seal are so similar 
that they will be described together. The lumen of each vagina is a narrow slit 
25 mm. long, 8 mm. in transverse, and 0-5 mm. in antero-posterior direction. 
The sub-epithelial zone is 1 mm. in thickness and consists of a fairly dense connective 
tissue and numerous blood vessels engorged with red blood cells. - Towards the 
periphery of this zone lie a few scattered bundles of smooth muscle fibres. The 
muscular coat is 1 to 1-5 mm. thick and consists principally of bundles of 
longitudinally directed smooth muscle fibres, with scattered and irregularly 
distributed strands of circular muscle fibres. 

The outline of the lumen is broken by numerous longitudinal folds from 0-2 to 
0-5 mm. across and from 0-3 to 0-4 mm. high. The epithelium varies in height, 
being thinnest on the surface of the folds (30 to 80) and thickest in the clefts 
between the folds (50 to 120 1). The lumen contains some mucus, a few leucocytes, 
mainly polymorphonuclear, and some cellular débris. Occasional swollen and 
necrotic epithelial cells have broken away from the epithelium, particularly in 
the crypts between the folds. 

The cytology of the epithelium varies in any one section. In some places the 
character of the epithelium is typically transitional, especially on the surface of 
the folds, but between the folds, and more particularly in the anterior vagina 
near the cervix, extensive mucification of the epithelium has taken place 
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(Pl. IV, fig. 2). All the basal cells of the epithelium are large and cuboidal; they 
‘do not stain particularly heavily. The nuclei are large (6 to 8 ) and their lining 
network is evenly distributed in the form of a mesh of slender threads connecting 
minute beads of chromatic material; the nuclear sap is only faintly stained. The 
intermediate rows of cells are either similar to the basal layer, or show evidence 
of nuclear pyknosis. Numbers of lymphocytes and polymorphonuclear leucocytes 
-are present in this layer. 

The nature of the superficial layer varies. Over the surface of the folds it 
frequently consists of a flattened layer of squamous cells with heavily staining 
pyknotic nuclei, some of which are disintegrating ; but such epithelium does not 
extend over more than isolated areas. The commonest picture is a superficial 
layer of large columnar or cuboidal cells (sometimes as high as 35 wy and as wide 
as 18 p) that have a basophil cytoplasm containing large numbers of small vacuoles. 
‘The nuclei of these apparently mucified cells are basal in position, and are distorted 
in shape to pyknotic crescents. In some places, particularly on the sides of the 
clefts between the folds, the superficial portions of these large cells are breaking 
away into the lumen, leaving the epithelium with an irregular edge. Several of 
the smaller clefts are filled with masses of these large vacuolated cells that are 
breaking away to enter the lumen of the vagina as a mass of dead mucified cells. 
In one of the specimens numerous red blood cells are also present in the lumen. 

The sub-epithelial region contains scattered lymphocytes, and a conspicuous 
capillary network lies immediately below the epithelium. 

The characteristics of the vagina of the newborn Grey Seal have already been 
briefly described by us (Amoroso & Matthews, 1951; Harrison, 1951 ; Amoroso, 
Harrison, Matthews & Rowlands, 1951). The vagina of the Grey Seal at birth 
contains a large plug of thick, tenacious mucus that lies immediately below the 
cervix. here is a marked multi-layered hypertrophy of the vaginal epithelium 
in the posterior vagina, but in the anterior vagina the epithelium has been 
converted into a mucus secreting type. There is frequently a superficial layer of 
tall columnar cells, and occasional darkly staining granular cells of unknown nature 
are present. The lumen of the vagina contains desquamated epithelial cells and 
red and white blood corpuscles. ‘There is usually insufficient blood to colour the 
mucus, but occasionally the secretion is stained a dark red colour. 

The vaginae of two specimens of Common Seal that are believed to be from 
one to two weeks old have been sectioned, and those of several Common Seals 
and one Weddell Seal that are probably in their second year have also been 
examined. The specimen believed to be the most recently born, which was 
probably killed within two weeks of birth, has a vagina the dimensions of which 
are slightly smaller than those of the near-term foetus. The main morphological 
features, such as the longitudinal folds in the wall, are present as in the foetal 
specimens. The sub-epithelial zone has a somewhat increased density in its 
connective tissue, and is slightly thinner and less vascular than in the near-term 
specimens. 

The epithelium is uniform, and has a regular edge over almost the whole of the 
vagina ; there are occasional small papilliform projections into the sub-epithelial 
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zone. The epithelium is between 30 and 354 in height and consists of three to. 
four layers of cells. The basal cells are low and columnar ; their cytoplasm and 
nuclei stain more heavily than in the foetal specimens. The intermediate cells. 
are cuboidal and are occasionally vacuolated. Leucocytes are only rarely seen. 
The superficial layer varies in nature according to its position. Over the folds 
of the vagina the cells are usually flattened squames, with distorted heavily 
staining nuclei. In the clefts between the folds the squames are usually replaced 
by cells with a cuboidal or polyhedral shape. Occasional tall columnar cells,. 
with pyknotic nuclei, extend from the intermediate zone to the surface. The 
cytoplasm of the superficial cells is generally more eosinophil than that of the 
basal cells ; there is no evidence of any cornification or mucification. 

A number of specimens that were killed probably during the second year of 
their lives is available. We must emphasize that it is difficult to be precise about 
the age of these immature specimens. In general the length of the animal, the 
time of killing, and the state of the ovary have been taken as an indication of the 
age of a specimen. It should be noted that in young female Common Seals we 
have observed some variation in size that is not consistent with what we believe 
to be their age. We suspect that length alone is not necessarily a true indication 
of age, particularly in the female during adolescence. 

There appears to be a considerable variation in the appearance of the vaginal 
epithelium during the first two years of life; the appearance is not alike in any 
of our specimens. During the first year the conditions in the upper and middle 
thirds of the vagina are somewhat similar to those found in the vagina of Specimens 
a few weeks old. There is, however, a decrease in the height of the epithelium 
towards the cervix. It is only 15 to 20, in height and consists of two to three 
layers of cells ; occasionally it is reduced to only one layer of low columnar heavily 
staining cells some 12 to 15 pw high. 

The lower end of the vagina shows some changes, particularly in the specimens 
which we believe to be between eighteen months and two years old (PI. IV, fig. 3). 
There is increased stratification of the epithelium with some slight cornification 
of the superficial layer. The epithelium in the cornified areas is 45 to 55y high 
and consists of three layers. The basal layer, two to three cells thick, consists of 
densely packed, heavily staining low columnar cells. The intermediate layer 
contains large polyhedral cells, whose cytoplasm and nuclei stain less heavily. 
The superficial layer consists of squamous cells with pyknotic or flattened nuclei, 
or without nuclei. The degree of cornification varies; in some areas, near the 
vestibule in particular, it is fairly well marked. There are occasional cells, 
generally deep to the superficial layer, that are conspicuously larger than the 
other cellular elements and have a clear hyaline cytoplasm. 

The sub-epithelial zone is less densely cellular in the adolescent specimens 3. 
in the older ones many lymphocytes are sparsely aggregated in the zone immediately 
below the epithelium. The lymphocytes are most numerous in the region of the 
tips of the folds, where occasional dense groups of cells give the appearance of a 
small lymphoid follicle. 

In seal 6137, an adolescent Weddell Seal killed 7.11.45, the vaginal epithelium 
is very low. It is only 15 to 20» in height and consists of two to three cell layers. 

3Y¥2 
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All the cells have much the same characteristics, being mainly polyhedral with 
darkly staining nuclei. The superficial cells are squamous in some areas, but there 
is no cornification. No distinct basement membrane can be discerned, the 
sub-epithelial zone merging with the epithelium in many places. The sub-epithelial 
zone is densely populated with small round cells, and is oedematous. 

Portions of the vagina of an immature Fur-seal, Callorhinus ursinus (145) have 
been sectioned. The ovaries contain a few follicles up to 5 mm. in diameter and 
one of lO mm. The vaginal epithelium is thrown into a number of folds 2 to 4 mm. 
across, with intervening clefts 0-75 to 1 mm. deep. On the surfaces of the folds 
the epithelium is from 75 to 100 » and is composed of from eight to ten cell layers. 
In the clefts between the folds the epithelium is much thicker and occasionally 
reaches a thickness of 180. The basal layer consists of three or more rows of 


low columnar cells with large nuclei and slightly basophil cytoplasm. The cells - 


of the intermediate layer are columnar or polyhedral, and the nuclei and the 
cytoplasm stain less heavily ; occasionally the cytoplasm has a hyaline appearance. 
Many of the cells in the intermediate layer, particularly in the clefts between the 
folds, possess vacuoles and contain granules that take up eosin. Lymphocytic 
invasion of these layers is well marked. The superficial layer consists mainly of 
large clear polyhedral cells, sometimes with vacuoles. ‘There are also elongated 
slender cells, up to 30 in length and only 2 to 3y thick, that contain elongated 
pyknotic nuclei; they extend from the intermediate layer to the surface of the 
epithelium. Many of the cells of the superficial layer show evidence of nuclear 
disintegration. There is no indication of the presence of any squames, nor of 
any cornification. 

The sub-epithelial zone is somewhat oedematous, and many small round cells 
and larger histiocytes are scattered immediately beneath the epithelium. 


The adult vagina. 

The vaginae of Fur-seals 85 and 179 will be described at this point, since they 
are comparable with that just described in the preceding paragraphs (Fur-seal 145). 
The wall of the vagina of Fur-seal 85 presents similar but more marked folds. The 
epithelium is everywhere much thicker than in the specimen just described, being 
from 120 » thick on the surface of the folds to 210 » thick in the clefts between the 
folds (Pl. IV, fig. 4). The epithelium possesses numerous papilliform projections 
into the underlying sub-epithelial zone. Some of these projections are large and 
extend from 0-5 to 0-75 mm. at right angles to the surface. They consist mainly 
of densely staining columnar or polyhedral cells that are similar to those of the 
basal layer. The cells of the latter, which is often four or five cells thick, are more 
densely staining and more basophil, than those of the vagina in any other specimen. 
There are numerous mitotic figures in this layer. 

The intermediate layer is narrow and consists of polyhedral and _ slightly 
flattened cells that are not so densely staining as those of the basal layer. 
Occasional cells show evidence of nuclear degeneration, and contain vacuoles. 
The superficial layer is composed of numerous strata of squamous cells, the nuclei 
of which show increasing evidence of degeneration the closer the surface is 
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approached. The cytoplasm of these cells is markedly eosinophil and frequently 
becomes clear and neutrophil at the surface of the epithelium lining the clefts. 
On the surface of the folds there is slight cornification, but it is never very marked 
in extent. The epithelium in the clefts is thicker, since the squamous cells are 
limited in number and are often absent. The major part of the epithelium in the 
clefts is thus composed of palely staining polyhedral cells, with eosinophil 
cytoplasm, and large vesicular nuclei. The sub-epithelial zone has somewhat 
similar characteristics to that of specimen 145. 

The ovaries of this specimen (85) contained numerous follicles up to 5 mm. in 
diameter, and one ovary contained a follicle 10 mm. in diameter. The condition 
otf the ovaries, and of the uterine mucosa (see p. 512), and the fact that the animal 
was killed on the 27th July when other females had recently ovulated, indicate 
that the appearances of the vaginal epithelium are probably those of the period 
immediately preceding ovulation. 

Fur-seal 179 had been tagged and is known to be eight years old. It had 
recently ovulated (see p. 502) and was lactating. The wall of the vagina is 
markedly folded, and folds projecting for some millimetres into the lumen of the 
vagina, which contains some cellular débris. The clefts between the folds are 
much deeper than in those of Fur-seal 85 (see p. 520). The papilliform projections, 
like those so marked in specimen 85, are present, but they are much less pronounced 
and their cells stain more lightly (Pl. IV, fig. 5). The epithelium is thin, varying 
between 30 and 60 » in the places where there are no underlying projections. The 
changes in the epithelium are marked; the superficial layer, well developed in 
seal 85, has almost entirely disappeared, and only occasional squames, showing 
marked evidence of degeneration, cover the narrow intermediate layer. The latter 
consists of distorted polyhedral cells with clear eosinophil cytoplasm, often 
containing vacuoles, and with large vesicular nuclei. Many of the nuclei are 
pyknotic, and in some cells the nuclei have broken up into small discrete spheres 
of chromatic material. The basal layer is thickest in the larger papilliform 
projections, but is frequently only one cell thick. All its cells are columnar and 
contain large elongated vesicular nuclei that nearly fill each cell. The staining 
is much less dense than in seal 85 and the whole epithelium is more eosinophil. 
The sub-epithelial zone contains numerous small round cells below the epithelium ; 
these cells are also often encountered for a distance of some 300, from the 
epithelium. The zone is well vascularized and the vessels are engorged with 
blood ; there is also much oedema. These changes are undoubtedly associated 
with increasing activity of the corpus luteum. 

The vaginae of a number of Weddell and Crabeater Seals have been sectioned. 
The specimens form a series, somewhat incomplete, from the time of parturition 
until the early part of pregnancy. A few Common Seals have been killed later 
in pregnancy and the vaginae of two of them have been examined. It is possible 
to describe only the individual specimens, and it is to be hoped that the acquisition 
of more material will complete the picture of the changes that occur in the vagina 
throughout the reproductive cycle. 
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The sections of the vagina of Weddell Seal 6074, killed 15.9.45, show the wall 
thrown into a number of folds some I to 1:5 mm. deep. The clefts between each 
fold are narrow and lead off into a number of shorter clefts 0-1 to 0-3 mm. deep. 
Similar short clefts are present on the surface of the folds. 

The epithelium is some three to four cells thick and measures from 24 to 30p 
in height. The basal cells are columnar, and their nuclei are heavily stained. At 
irregular intervals there are small papilliform projections into the sub-epithelial 
zone ; they are composed mainly of basal cells. The intermediate layer is narrow, 
and consists of larger polyhedral cells, among which occasional lymphocytes can 
be seen. The superficial layer consists of two or three layers of squamous cells ; 
there is no cornification. 

There is some granular material within the lumen of the vagina, together with 
fibrin, numerous red blood cells, lymphocytes, and occasional desquamated 
darkly staining squames. The degree of desquamation is not marked, and is 
_ limited mainly to the larger clefts. 

The sub-epithelial zone is 0-2 to 0:3 mm. thick, and consists of dense, regularly 
arranged connective tissue, richly permeated with capillaries engorged with red 
blood cells. Numbers of small round cells are present, sometimes so closely packed 
that they resemble localized aggregations of lymphoid tissue. 

The peripheral part of the sub-epithelial zone is composed of more loosely 
arranged connective tissue, containing the larger blood vessels, and discrete 
collections of small round cells, leucocytes and histiocytes. Isolated small round 
cells are also found fairly evenly scattered throughout this zone. 

The muscle-coat consists of many bundles of smooth muscle fibres separated by 
strands of connective tissue. There is no apparent pattern in the arrangement of 
the bundles, except that the majority appear to run longitudinally. 

In Crabeater 6119, killed 12.10.45, the only ovary preserved contains follicles 
between 3 and 8 mm. in diameter; the epithelium of the vagina is 60 to 90 » in 
height and is seven to twelve layers of cells thick. There is a distinct layer of 
large columnar basal cells with large vesicular nuclei. The intermediate cells 
are also large and cuboidal or polyhedral, with lightly stained large vesicular 
nuclei. The characteristic feature is, however, a superficial single layer of tall 
columnar cells. These are regularly arranged, and are some 30, in height, with 
vacuolated cytoplasm. The nuclei are all basal in position and are more heavily 
stained than the other nuclei in the epithelium ; some are vesicular, and several 
cells contain large cytoplasmic vacuoles. There are numerous lymphocytes in 
the epithelium, particularly in the intermediate layer. 

The sub-epithelial layer is less cellular than in the preceding specimen, and 
there are fewer small round cells. The capillary network is well marked, but there 
is less hyperaemia than in the last specimen. There area few lymphocytes scattered 
evenly throughout the zone. 

The appearances of the vaginal epithelium of Crabeater 6125, killed 25.10.45, 
are very similar to those in the previous specimen. The animal had not ovulated, 

-and both ovaries contain follicles over 1 mm. in diameter, and one contains a few, 
up to 7mm. in diameter. The basal cells are more vacuolated and their cytoplasm. 
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has a hyaline appearance. The intermediate and superficial cells are somewhat 
disorganized and there is no distinct row of nuclei belonging to the superficial 
cells, as in seal 6119. The superficial cells are columnar and in some places they 
have separated from the intermediate layer; in the clefts between the folds in 
the lower vagina the superficial cells are markedly elongated and stream out 
towards the lumen of the vagina. It is difficult to decide whether this disintegration 
represents a sloughing of the superficial cells, or a post-mortem artefact. The 
sub-epithelial zone is similar to that of seal 6119, but has even fewer cellular 
elements. 

The epithelium of the vagina of Weddell Seal 237, killed 27.10.45 with her pup, 
is slightly different from that of the preceding specimens. Both ovaries contain 
large numbers of small follicles ; one ovary contains a follicle 5 mm. in diameter, 
the other contains the old corpus luteum of pregnancy. The basal layer is similar 
to that of 6135, but the cells show little vacuolation. The epithelium is thinner, 
and varies in its appearance in different places. The intermediate cell layers are 
compact and the nuclei stain as densely as those of the basal layer. In some areas 
the superficial layer of columnar cells is intact, but in many it shows evidence of 
degeneration and desquamation. In other areas the columnar superficial layer 
is entirely absent, or is separating off from the intermediate layer as a strip of 
degenerating material; some red cells are included in this degenerating layer. 
At irregular intervals the epithelium is covered by a superficial layer consisting of 
one or two strata of squamous cells. These are not cornified and have the 
appearance of recently formed cells with vesicular nuclei. 

The sub-epithelial zone is markedly cellular. There is a distinct invasion of 
small round cells, mainly lymphocytes. They are found not only in the epithelium, 
but also occasionally aggregated into dense masses resembling lymphoid nodules 
immediately beneath the epithelium. ‘The blood vessels are dilated and engorged. 

The epithelium of Weddell Seal 6136, killed 5.11.45, has increased in thickness. 
The animal was killed with her newborn pup, and both ovaries contain numerous 
follicles up to 8 mm. in diameter. The epithelium is 120 to 150 » thick and consists 
of some seventeen to twenty cell layers (Pl. IV, fig. 6). The basal layer consists 
of cells with relatively darkly staining nuclei, which are markedly vesicular ; it 
is three to five cells deep and not a single layer. 

The intermediate layer contains two distinct types of cell; one is a large 
‘polyhedral cell with a large vesicular nucleus, the second is equally large 
but its nucleus has shrunk to a darkly stained irregular pyknotic mass and 
its cytoplasm is heavily vacuolated. Towards the surface of the epithelium the 
cells with pyknotic nuclei are more numerous and form an almost continuous 
zone. ‘The superficial layer is composed of areas of squamous cells which are 
frequently swollen, often granular or vacuolated, and nearly always with pyknotic 
nuclei. In some areas where the squamous cells are not present columnar cells 
extend to the surface, as in the previous specimen. Round-cell infiltration is 
marked, but not to the same extent as in the previous specimen. The stroma has 
a distinctly oedematous appearance. 

The vaginal epithelia of Weddell Seals 6153 and 6157, killed 12.11.45 and 
16.11.45, are essentially similar in appearance. The ovaries of both animals 
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contain numerous follicles up to 6 mm. in diameter; neither had ovulated. The 
epithelium of 6153 is 40 to 60 u high, whereas that of 6157 is a little lower, being 
nowhere more than 40 high. The basal cells are similar to those of the last 
specimen, and the intermediate cells are fairly large with pale vesicular nuclei. 
The superficial layer consists of squamous cells, sometimes three layers thick, but 
is discontinuous and is supplanted in places by polyhedral or low columnar cells. 
The sub-epithelial zone is similar to that of seal 6136. 

Weddell Seal 243, killed 29.11.45 is the first in the series of Antarctic seals to 
contain a recent corpus luteum (see p. 495). The vaginal epithelium is 40 to 
70 in height and in many places has an almost transitional appearance. 
Occasionally, however, the superficial squamous cells are replaced by elongated 
columnar cells containing pyknotic nuclei and extending from the intermediate 
layer as far as the surface of the epithelium. The majority of the cells are large, 
columnar: or polyhedral, with vesicular nuclei. There is some round cell 
infiltration of the epithelium, but little in the subjacent tissues. 

Seals 247, killed 27.12.45 and 246, killed 3.1.46, are both Crabeaters, and are 
the only specimens which undoubtedly contained blastocysts. In 247 the 
epithelium on the surface of the folds differs slightly from that between the folds. 
In general the epithelium is 30 to 40 in height and consists of six to ten layers 
of cells. The basal and intermediate layers resemble those of the previous 
specimens; the superficial cells are mostly large and columnar with lightly 
staining nuclei. Occasional large spherical cells, containing vacuoles, are found 
in the superficial layer (Pl. IV, fig. 7). In the depths of the clefts between the 
folds these large spherical cells are more frequent. Small round cyst-like spaces 
are occasionally to be seen in the intermediate zone of the epithelium. In some 
places, scattered irregularly over the epithelium, a few isolated squames cover 
the surface. Lymphocytes are sparsely distributed throughout the epithelium, 
mainly as single cells, but sometimes in groups. The sub-epithelial zone is 
oedematous with some degree of round-cell infiltration. 

The appearances of the vagina of seal 6303, a Weddell Seal killed 6.1.46, are much 
the same as those described for the preceding specimens. No details of the 
conditions in the uterus or ovaries are available for this specimen. 

Crabeater 602, killed 1.2.47, is one of the seals in which we believe a blastocyst 
had recently implanted. One of us (J. M. R.) opened the uterus in the field and 
found what was almost certainly a chorionic sac attached to the mucosa of one 
of the horns. Owing to difficulties in the field complete preservation was impossible, 
but part of the mucosa has been sectioned and it shows the early attachment of 
trophoblastic material. 

In the upper part of the vagina the epithelium is 30 to 45, in height. All the 
cells are large and contain abundant cytoplasm. The basal cells are columnar or 
pear-shaped, the intermediate layer consists of several rows of cuboidal or 
polyhedral cells, and on the surface there is a distinct squamous layer with slightly 

‘swollen cells. In the lower vagina the appearances are much the same, except 
that the whole epithelium is lower. Much of the round-cell infiltration of the 
sub-epithelial zone has gone, and there are no marked aggregations of round 
cells. 
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Crabeater 601, killed 1.2.47, contained a 14 mm. embryo in one horn. The 
appearances in the vaginal epithelium are similar to those described for 602° 
(Pl. IV, fig. 8). 

Weddell Seal 6012, killed 13.6.45, has a very low epithelium composed of only 
two to three cell layers. It is badly fixed and further observations are not 
reliable. 

The major part of the vagina of the Common Seal 84 which contained 
48 cm. foetus, and a smaller portion of that of S 3, which was also pregnant, but 
from which the embryo was not recovered intact, have also been examined. In 
both the wall of the vagina is thrown into a number of large folds, over which 
the epithelium is reduplicated as a series of smaller folds, each containing a slender 
core of connective tissue. The folds are more marked towards the vulva, where 
occasional cysts containing mucus have become included in the epithelium. Much 
mucus is present in the vagina. The epithelium varies from 30 to 60 in height 
and consists of a basal layer of low columnar cells, an intermediate layer of 
polyhedral cells that is not everywhere present, and a very marked superficial 
layer of tall mucified columnar cells up to 45 » in height (Pl. IV, fig. 9). Numerous 
small round cells lie immediately below the epithelium, and form discrete 
aggregations in several places. The connective tissue of the sub-epithelial zone 
is oedematous and the vessels are engorged with red blood cells. 


Discussion. 

Although we have insufficient specimens to allow a definite statement on the 
nature of the changes in the vagina during the whole of the reproductive life of any 
one species of seal, some observations may be made if the changes in the vagina 
are considered in relation to the events in the other parts of the reproductive 
tract. We must also again emphasize that this is only a first attempt to correlate 
and explain what we have found in a little studied animal. 

It is apparent, at least in the Grey Seal and the Common Seal, that the vagina 
of the late foetal and newborn animal responds to the stimulus, or stimuli, acting 
on the uterus, and possibly on the ovary. ‘The presence of mucus in the lumen of 
the vagina, the marked multi-layered hypertrophy of the epithelium, and the 
transformation of the superficial cells into tall columnar mucified cells, many of 
which appear to be breaking away, are the main characteristics of the vaginal 
epithelium near the time of birth. These appearances are not prolonged for any 
great length of time after birth; it is probable that within two weeks, possibly 
within an even shorter time, the mucus is lost, the epithelium reverts to a three- or 
four-layered state, and the superficial mucified cells are replaced by squamous cells. 
The nature of the stimulus causing the precocious changes in the reproductive tract 
of the late foetal and newborn specimens is discussed in detail on pp. 505 and 517. It 
is possible that the vaginal changes are brought about by the action of progesterone 
on an oestrogen-primed epithelium, but it should be noted that oestrogen alone, 
at a threshold insufficient to cause cornification, can bring about mucification of 
the vaginal epithelium in rodents (Allen e¢ al., 1939). 
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The changes in the vagina of the adult seal may be compared with those occurring 
in that organ in the fissiped carnivores. Marshall (1933) and Hamilton & Gould 
(1940) have described the changes in the vagina of the ferret, Evans & Cole (1931) 
have described those in the bitch, and Foster & Hisaw (1935) those in the cat. 
In general, in these species, there is proliferation of a stratified epithelium, with 
some cornification, during the pro-oestrous period. During oestrus maximum 
thickening of the epithelium occurs, and much cornification is usually present. 
Towards the end of oestrus, or a few days after, desquamation of the surface 
epithelium, and leucocytic invasion occur. In anoestrus the vaginal epithelium 
consists of either high or low columnar cells, and in pseudopregnancy it consists 
of stratified high columnar cells. 

In the seal, as far as our material allows of any statement, there does not appear 
to be so marked a succession of changes. Only in the Northern Fur-seal have we 
found any marked proliferation of the vaginal epithelium, together with slight 
cornification, at a time when the animal would be expected to be near oestrus or 
actually in it; this was in an animal that appeared not to have ovulated before, 
and was probably a virgin. In none of the Weddell or Crabeater Seals have we 
found marked epithelial thickening or cornification at a time when it might be 
expected. Unfortunately there are few observations on the behaviour of cows 
during oestrus, but from those available, and from our own personal observations, 
we can say that the cows appear to be passively receptive to the male during a 
period that shortly follows parturition. There are few if any noticeable signs of 
external or behavioural results of oestrus. This could be correlated with the 
relatively slight changes in the reproductive tract in our material at a time when 
the animals would be expected to be in oestrus. The fact that in most species of 
seal ovulation follows parturition very closely, and occurs during lactation, may 
explain the lack of marked changes in the vagina of both primiparous and 
multiparous females. 

In Antarctic seals killed after the date of parturition, and accompanied by their 
pups, the vaginal epithelium is relatively low, being composed of from five to ten 
layers of columnar or squamous superficial cells. There is no marked stratified 
squamous layer, and little cornification, despite the fact that the ovaries contain 
many fairly large actively maturing follicles. The rupture of the follicle and 
subsequent formation of a corpus luteum is associated in most specimens with a 
low epithelium of almost transitional type. During the period when delayed 
implantation of the blastocyst is believed to occur the vaginal epithelium either 
remains transitional in type, or undergoes a change in which the superficial cells 
become columnar, and occasionally mucified, particularly in what we believe is 
the latter part of this period of delay. During the early part of pregnancy, after 
implantation, the vaginal epithelium remains low, three or four cells thick, and 
is covered with a layer of squamous cells. Later in pregnancy, in the Common 
Seal, the epithelium possesses a superficial layer of tall columnar mucified cells. 

It is impossible without further material to give anything more than tentative 
suggestions in explanation of these findings. Observations on the ovary suggest, 
however, that the corpus luteum (see p. 505) possesses heavily vacuolated cells 
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during the probable period of delay in implantation ; this may be evidence of 
decreased activity in the organ. If progesterone production is thus reduced during 
delay it could be postulated that oestrogens of ovarian origin, circulating at a level 
insufficient to cause cornification, are the cause of mucification in the superficial 
vaginal epithelium during the post-parturient period and during the period of 
delay in implantation. Mucification of the superficial vaginal epithelium is common 
in rodents during pseudopregnancy and pregnancy (Long & Evans, 1922), and 
also occurs in the cow (Cole & Miller, 1933) and in some species of deer (Harrison 
& Hamilton, 1952) during the latter part of pregnancy. Such mucification is also 
found in the Common Seal in later pregnancy; the possible existence of 
pseudopregnancy in the seal thus cannot be ignored. 


PLACENTA AND FOETAL MEMBRANES. 


The material from the Antarctic includes several foetuses, one pregnant uterus, 
and portions of the uterine wall and placenta from several specimens. The foetuses 
range in length from 6 mm. to over 30 cm. ; they do not show any external features 
that have not been described by previous authors (Tims, 1910) and consequently 
they are not described further here. 

The pregnant uterus from Weddell Seal No. 6006x has already been described 
above. It was afterwards dissected and the placenta and foetal envelopes were 
examined, but the exact details of all the relationships of the structures were 
difficult to determine because the specimen had become very hardened in the 
preservative. The series also includes the uterus, placenta and membranes of 
a 48 cm. Common Seal. We do not propose to describe our findings here because 
a number of placentae and foetal envelopes from the Grey Seal, in an excellent 
state of fixation and preservation, have recently become available to us. The total 
length of the shed chorionic sac in the Grey Seal is 78 to 85 cm. and the placental 
band is 60 to 64 cm. in circumference. The widest part of the placental band 
measures 24 to 31 cm. and the narrowest part measures 23 to 25cm. The placenta 
is not eaten by the cow in the Grey Seal or the Weddell Seal. The structures in 
the Weddell Seal appear to differ in no important way from those in the Grey 
Seal, and we therefore defer our observations to a future paper in which we intend 
to deal fully with the new specimens. 

We hope that we shall be able to give full descriptions of the allantois, of 
the gross and minute structure of the placenta and its marginal and central 
haematomata, and of the arrangement and relationships of the umbilical and 
vitelline vessels. We shall also describe the arrangement of the yolk sac folded 
into pouches of complex shape at the junction of the vessels with the placental 
band. We also have to record the occurrence of chorionic vesicles. 
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SUMMARY. 

1. The reproductive organs have been described in a series of seals, including 
foetal, neonatal and adult specimens. The collection includes seals from the 
Antarctic, European waters and from the North Pacific. The species are :— 
Leptonychotes weddelli, Lobodon carcinophagus, Hydrurga leptonyx, Phoca vitulina, 
Halichoerus grypus, Otaria byronia, Zalophus californianus, Eumetopias stelleri, 
and Callorhinus ursinus. 

2. The gross and histological appearances of the testis are described. There 
is evidence of a breeding season and cyclic testicular activity in the Weddell and 
‘Crabeater Seals. Some measurements of the os penis are given. 

3. A description is given on the gross anatomy of the urinogenital tract in the 
female. The ovarian bursa is much enlarged during pregnancy. The urinary 
papilla is large, partly owing to the presence of lymphoid tissue. 

4. Unimplanted blastocysts have been found in the Crabeater Seal at a time 
that confirms the occurrence of delayed implantation. Other evidence suggests 
that delayed implantation is universal in most, if not all, seals. 

5. In at least two species, the Grey and Common Seals, there is marked 
enlargement of the late foetal and neonatal gonads to a size near or surpassing 
that of the maternal gonads. This enlargement is primarily due to an increase 
in the volume of interstitial tissue. : 

6. Invaginations of the epithelium forming sub-surface crypts have been 
observed in all species of pinniped examined. There is evidence of cyclical activity 
in the number and development of these crypts. Their relationship to oogenesis 
is discussed. 

7. The changes in the corpus luteum are described during early and late 
pregnancy. During the period of delay in implantation the majority of the luteal 
cells are heavily vacuolated. 

8. The changes in the uterus and vagina are correlated with the changes in the 
ovary, both in the foetal, neonatal and adult. Coiling of the uterine glands and 
secretory activity is found in the neonatal specimens. 

9. A short note is appended on the foetal membranes. 
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PLATE I. 


. (a) Low-power photograph of a section through the whole ovary of Weddell 


Seal 102 showing the corpus luteum. 

(b) Low-power photograph of a section through the whole ovary of a 
near-term foetal Common Seal. 

(c) Low-power photograph of a section through the whole ovary of a 
Common Seal of about two weeks. 


. Photograph of kidneys and posterior abdominal wall, with the viscera 


removed, of an 18-month-old male Common Seal. 


. Photograph of a section of the testis of a 48cm. foetal Common Seal, 


showing Leydig cells. 


. Photograph of a section of the cortical region of ovary shown in fig. 1(6). 
. Photograph of the cortical region of ovary shown in fig. 1(c). 
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PLATE If. 


. Photograph of a section of the cortex of the ovary of Common Seal § 4. 


Note sub-surface crypts. 


. Photograph of a section of the ovary of Common Seal § 6. Note sub- 


surface crypts. 


. Photograph of a section of the ovary of Weddell Seal 6143. Note 


extensive crypt formation. 


. Photograph of a section of the corpus luteum of Crabeater Seal 247 which 


contained an unimplanted blastocyst. Note the vacuolation of the luteal 
cells. 


. Photograph of a section of the corpus luteum of Crabeater Seal 102. 
. Photograph of a section of the corpus luteum of Leopard Seal 116. 

. Photograph of the corpus luteum of Crabeater Seal 101. 

. Photograph of the corpus luteum of Crabeater Seal 110. 

. Photograph of the corpus luteum of Common Seal § 5. 


Trans. Zool. Soc. Vol. XX VII. Harrison, Matthews & Roberts. Pl. If. 
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PLATE III. 


Fig. 1. Photograph of a section of the uterine horn of Common Seal foetus § 11. 
Note marked proliferation of the glands and secretory products in their 
lumina. 

Fig. 2. Photograph of a section of the uterine horn of a recently born Common 

Seal S10. Note the presence of many vacuoles in the glandular cells. 

. Photograph of a section of the uterine horn of Common Seal SM 2. 

. Photograph of a section of the uterine horn of Fur-seal 145. 

. Photograph of a section of the uterine horn of Fur-seal 85. 

. Photograph of a section of the uterine horn of Fur-seal 179. 

. Photograph of a section through the cervix of Fur-seal 85. 

. Photograph of a section of the uterine horn of Weddell Seal 243. 
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REPRODUCTION IN SOME PINNIPEDIA 


PLATE IV. 


. Photograph of a section through the vaginal epithelium of Weddell Seal 


foetus A 16. 


. Photograph of a section through the vaginal epithelium of Common Seal 


Shae 


. Photograph of a section through the vaginal epithelium of Common Seal 


SM 2. 


. Photograph of a section through the vaginal epithelium of Fur-seal 85. 
. Photograph of a section through the vaginal epithelium of Fur-seal 179. 
. Photograph of a section through the vaginal epithelium of Weddell Seal 


6136. 


. Photograph of a section through the vaginal epithelium of Crabeater 


Seal 247. 


. Photograph of a section through the vaginal epithelium of Crabeater 


Seal 101. 


. Photograph of a section through the vaginal epithelium of Common 


Seal S 4. 


Matthews & Roberts. Pl. IV. 
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Notes on the biology of the Reduviidae of Southern Rhodesia. By N. ©. E. 
Mitter, F.R.E.S., F.Z.S., F.E.S.A. (Commonwealth Institute of Entomology, 
London.) 


(Plates I-IX and 58 figures in the text.) 


[Received March 29, 1950.] 
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INTRODUCTION. 


Whilst living in Southern Rhodesia during the years 1945 to 1949 I was able 
to devote a good deal of time to a study of the local Reduviidae. In the following 
pages the observations made during this period on the life history of these 
handsome bugs are recorded. 

The parts of Southern Rhodesia in which this work was done include the 
Victoria Falls, Selukwe district, Zimbabwe, Salisbury, Umtali and Odzi districts, 
but most of the work was carried out in the last-named areas. 

During my stay of three years in the Odzi district, several friends in the 
neighbourhood were kind enough to assist by sending me live specimens many 
of which they captured at light. This help was valuable and very much 
appreciated. 

In this connection, therefore, it is my pleasant duty to express my thanks to 
Mrs. F. A. Alexandre, Game Valley Farm, The Misses Mitchell, Argyll Farm, 
and to Mrs. Hall of the Odzi Falls Farm for their help and for the keen interest 
they always showed. 

My thanks are also due to the following :—Mr. C. Chubb, Director of the Durban 
Museum, Dr. A. J. Hesse, South African Museum, Cape Town, Dr. G. Arnold 
formerly Director of the National Museum of Southern Rhodesia, Bulawayo, 
for supplying lists of the identified species of Reduviidae in the collections in 
their charge, to Dr. W. G. H. Coaton, Department of Agriculture, Pretoria, for 
the identification of termites and to Dr. W. E. China of the British Museum 
(Natural History) London, for many useful suggestions. 

I am also indebted to Mr. G. E. J. Nixon of the Commonwealth Institute of 
Entomology for the identification of hymenopterous egg-parasites. 

In the plates that accompany this contribution the opportunity has been 
taken to illustrate some ninety species of Rhodesian Reduviidae of which no 
figures have hitherto been published. JI am exceedingly grateful to the Zoological 
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Society of London for reproducing these figures. Most of them were drawn 
from specimens that had been dead only a few hours. When circumstances 
prevented this being done, notes were taken of the colours, particularly those that 
were liable to fade. Only AHoloptilus nebulosus, Sphedanolestes insignis, 
Callilestes gracilis and -Cleontes genitus were figured from old specimens without 
the help of notes taken previously. 


REMARKS ON THE REDUVIIDAE. 


The Reduviidae are one of the larger and more important families of the 
Hemiptera, and comprise very small to moderately large robust insects exhibiting 
a wide range in the general shape of the body. A character that will always 
distinguish them from other families of Hemiptera is that the frons is separated 
from the epicranium by a transverse sulcus which may be wide and deep or 
narrow and not well defined. 


Colour. 


Coloration is, in the main, sombre, the predominating colours being brown 
or black, shades of the former being the most common. Many species have the 
legs and prominent parts of the body red, yellow, metallic green or blue. Bright 
colours are not confined to diurnal species. 

The connexivum in many species, particularly of the Harpactorinae is often 
of a different colour from the remainder of the abdomen. In such cases it may 
be pale yellow, red or orange with or without black or dark coloured spots, fading 
after death. 

Many species have the ventral surface of the abdomen brightly coloured, 
sometimes with a pattern of black spots or transverse vittae. Usually the colour 
of the hemelytra is dark, but in some species it has more or less the colour of the 
pronotum or at least of the posterior lobe of that segment. The membrane 
is commonly testaceous, stramineous or dull fuliginous with the venation darker 
and with greyish mottling in some species. 

In some species the membrane has large fuscous spots within the cells; in 
others it is so completely dark as to obscure the venation. The wings in most 
species are hyaline but they are sometimes testaceous or fuliginous with some 
iridescence. 

A peculiar characteristic of some species are the patches of white of varying 
extent and shape, which superficially appear to make up part of the colour pattern. 
Actually these patches are composed of a wax-like substance which, if examined 
microscopically, will be found to be granulose or tomentose in structure in which 
separate filaments are more or less distinct or are more compact, the filaments 
being thicker or more closely integrated. 

The biological significance of this wax-like substance does not appear to be 
known, and examination of the parts of the integument on which it is located 
has not revealed the pores of glands which might secrete it. 

Among the species that have this wax-like substance on their bodies are 
Rhinocoris albopunctatus, R. vitticollis, Hediocoris tibialis, Sphedanolestes nanus, 
Padasastra attenuata. 
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Habits. 

Reduviidae may be separated into diurnal and nocturnal species and to the latter 
category should perhaps be added those species which pass the whole or nearly 
the whole of their existence in concealment. 

According to my own observations it would seem that most of the Harpactorinae 
are diurnal, but a few exceptions have come to my notice, namely Hediocoris 
tibialis, a male of which was once captured at light, Haematochares obscuripennis, 
Odontogonus pallidus and Phonolibes spp., both the alate and brachypterous 
forms of which pass their whole existence, both as larvae and adults, in 
concealment under logs, stones and such like. These occurrences I regard as 
exceptional, yet it is noteworthy that H. tibialis has the large ocelli characteristic 
of most alate nocturnal species. As will be seen from the list below, members 
of most of the remaining sub-families have nocturnal habits, but occasionally 
they venture forth in the daytime, for example, captures have been made of 
males of Glymmatophora sp., and Maraenaspis sp. and of Lisarda sp. flying in 
the open in the late afternoon when the sun was well above the horizon. 
Ectrichodia crux has also been taken in the daytime. 


List of species attracted to artificial light. 

Representatives of the following species have been collected at artificial light 
the-males predominating. Females collected in this-way will sometimes oviposit 
a short time after capture, but more often not. 


Emuzsinan. Myiophanes volitans, 3, Bagauda tenebricola, 3, Stenolaemus marshalli 
? (ova), Empicoris stevensoni, 3. 

TRIBELOCEPHALINAE. Tribelocephala noctivaga, 3, 2 (no ova), T. umpura, 3. 

Sarcinak. WSpairapeltis sericea, 3. 

Srenopovinak. Oncocephalus caffer, 3, O. minimus, 3, O. viator, 3, O. pubiventris, 
2, (no ova), O. annulipes, 3, Sastrapada glabra, 3, S. manicae, g, S. rhode- 
stensis, g, S. strabo, 3, S. calva, 3, Dithmarus atromaculatus, 3, Thodelmus quin- 
quespinosus, 3, Pygolampis marginata, 3, Padasastra attenuata, 2 (no ova). 

SatyavaTInakE. Lasarda imitatrix, 3, 2 (ova), L. rhodesiensis, 5, 2 (ova). 

AcanruasPinazE. T'richedocla nigra, 3, T. wmtaliensis, 3, Edocla vicina, 3, Acan- 
thaspis obscura, 3, 2 (ova), A. curvidens, 2 (no ova), A. lurco, 3, A. vidua, g, 
Gnistus varius, 2, (ova, infertile), Varus flavoannulatus, 3, 2 (ova), Khafra 
ugandica, 3, Cyclopocoris dilutus, 3, 9 (no ova), Reduvius annulatus, 3, &. 
(ova), R. tarsatus, 3, 2 (ova), R. appetens, 3, 2 (ova), R. sp., 5, 2 (no ova), 
R. necatorius, 3, 2 (ova), Plynoides elegans, 3. 

Prrarinaz. Pirates (Lestomerus) aenicollis, g, P. (Cleptocoris) conspurcatus, 3, 
P. (C.) macilentus, 3, P. (C.) lugubris, 3, 2 (ova), P. (C.) nitidicollis, 3, 
P. (C.) areatus, 3, P. (Lestomerus) montivagus, 3, P. (L.) rendalli, 3, Phalantus 
collaris 3. 

EcrricuopuNnaz- Philodoxus principalis ¢. 

Harpactorinak, Haematochares obscuripennis, 3, Hediocoris tibialis, 4, Odonto- 
gonus pallidus 2 (no ova). 


Prratinan. Fusiusrubricosus. Ectomocoris poneroides. H. velox. Catamiarus 


nyassae. 
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Little is known of the habits of the Holoptilinae and there appear to be no 
records of their being attracted to light. 

It is during the rainy season and particularly soon after it has commenced 
that artificial light appears to have the greatest attraction, but even during that 
season, at times when circumstances seem favourable, sometimes not a single 
reduviid will put in an appearance. 

Warm cloudy nights after rain or with light rain falling are the most favourable. 

The behaviour of Reduviidae attracted to light is different from that of most 
other insects which, on approaching the light, fly around for some time before 
coming to rest. Reduviidae, on the contrary, alight immediately and remain 
motionless for a few moments. Afterwards they move to some spot within the 
radius of the beams of light, but if disturbed, will fly off and rarely return. Some, 
when approached, fall to the ground and run to a spot which the light does not reach. 

{ have not been able to obtain information regarding the habits of the Holoptilinae 
or Apiomerinae, but I have been told that members of the former live mainly 
among leaf-debris at the foot of bush trees. 

The attitude of Reduviidae resting does not call for any particular comment, 
except in respect of some Emesinae and Saicinae which have the habit of 
swinging backwards and forwards with the body raised high off the ground, at 
the least disturbance, after the fashion of some Culicidae. Members of the 
Phaemid-like genus Rhaphidosoma and of Lopodytes, both larvae and adults, have 
the habit of lying, when at rest, along a stem with their antennae and anterior 
legs stretched out in front and the median and posterior legs out backwards and 
close to the body. 

A habit which some diurnal Reduviidae share with certain other insects of 
the Orders Coleoptera (Buprestidae), Orthoptera (Acrididae) and Homoptera 
(Delphacidae), is that of moving very quickly behind the plant-stem to which 
they are clinging when a moving object approaches them. If the object, say 
a person, moves in a circle around the plant, the bug moves simultaneously so 
as to keep the stem continually between it and the object. 

This is the reaction when danger appears imminent. If the object causing 
alarm approaches still closer, the reduviid sometimes relinquishes its hold and 
cither falls to the ground immediately or flies away for a short distance before 
doing so. Some take to flight and travel a fairly long distance before alighting 
again, others, such as Phonoctonus nigrofasciatus often fly upwards to a considerable 
height, then circle round to alight again more or less on the spot from which 
they departed. 


Stridulation. : 

Stridulation is effected by the insect rubbing the apex of the rostrum against : 
striae in the prosternal furrow, the sound produced being of a squeaking or rustling 
kind which is fairly loud in some species, but in most, so far as my e i 
goes, 60 faint as to be scarcely audible. Handlirsch (1910) described the 
mechanism in detail in Coranus subapterus. 

Many Keduviidae when handled have been observed to stridulate vigorously. 
This suggests that the sound produced may have a deterrent effect on an enemy. 
On the other hand stridulation occurs in quite different circumstances, for 


7 


BIOLOGY OF THE REDUVIIDAE OF SOUTHERN RHODESIA. 545 


example, during copulation, when both sexes have been observed to stridulate. 
A male Coranus carbonarius was observed to stridulate for half an hour without 
intermission, in fact throughout the whole period of copulation. The preliminaries 
to copulation in this instance were also accompanied by stridulation on the part 
of the male. Prolonged stridulation in these circumstances has also been 
observed in Rhinocoris segmentarius. 

The striated prosternal furrow is not present in all adult Reduviidae, the genera 
Phonolibes, Peprius and Cleontes to mention only three, not having this structural 
feature. 

It is present in larvae (with the exception of those of the genera just mentioned), 
and the striae attain a certain degree of development even in the first instar, 
but they are to be detected usually under high magnification only. Larvae in all 
instars have been seen to go through the motions of stridulation, but the ability 
to produce a sound as audible as that produced by adults is rarely met with. 


Repugnatorial glands. 

Another characteristic of Reduviidae, and indeed of many other Hemiptera, 
is the possession of thoracic glands by the adults and of abdominal glands by 
larvae which secrete a fluid having an unpleasant odour. 

In the adult the thoracic glands, when present, are situated in a cavity adjacent 
to the posterior coxae and are extremely difficult to locate except by dissection. 
The ostiolar channels and evaporative area which are usually distinct in other 
Hemiptera, for example, Coreidae and Pentatomidae, are not present in this 
family, and it would seem that the glands are absent from the sub-families 
Emesinae and Saicinae, and from most Harpactorinae, notably Rhinocoris spp. 

The gland itself has the aperture directed backwards and is lined with a chitinous 
intima behind which are situated cylindrical cells which secrete the odoriferous 
fluid. From the gland there is a single duct leading to the posterior margin of 
the segment, the external aperture being transverse with a pore at each end 

through which the fluid flows. 

_ The fluid smells like valerianic acid, but in Ectomocoris cruciger, the smell could 
be compared with that of the fluid which the Staphylinid beetle Ocypus olens 
discharges on being disturbed. In Maraenaspis corallinus the odour resembles 
verbena. 

The quantity secreted is mostly much less copious than in some Hemiptera— 
Coreidae and Pentatomidae—except in adults of Petalochirus umbrosus which 
secrete a considerable quantity of fluid which volatilizes relatively slowly and 
spreads over a considerable part of the lower surface of the body. 

I have examined microscopically adults of Rhaphidosoma circumvagans from 
which the characteristic odour was emanating, but no trace of fluid could be 
perceived. The fluid from this species is pungent, but it would seem that, as 
well as being slight in quantity it volatilizes very rapidly. Another feature of 
the fluid from Reduviidae is that it does not stain as does that from Hemiptera 
belonging to the families just mentioned. 

The function of the discharge is probably defensive, but it has no deterrent 
effect on spiders to which reduviids often fall victims. 
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Food. 


Disregarding those species which feed on mammalian blood, it is generally 
accepted that Reduviidae have no decided food preferences and will attack most 
insects and other Arthropoda within certain size limits. There are, however, 
some well-established exceptions, for example, the genera Ectrichodia, Glymmato- 
phora and Maraenaspis of the sub-family Ectrichodiinae which prey exclusively 
on millepedes. Species belonging to the genus Phonolibes are said to live in 
termites nests and to prey on their hosts, but I have not been able to confirm 
this. Two species of Phonolibes which are referred to in this study were found 
under logs lying in grass. There were other insects present, mainly scarabaeid 
larvae, also small myriapods as well as the termite Allodontermes schultzei Silv. 

The number of Reduviidae which I am able to record as having been captured 
with their prey is very small, unfortunately, and comprises mainly diurnal species. 


Species of Reduviidae. Prey. 
Pusius rubricosus. Dipterous larvae. 
Ectrichodia crux. Sptrostreptus sp. (Myriapoda). 
Rhinocoris albopunciatus. Ants, Melyris sp. (Coleoptera—Melyridae). Egg-mass 
of same species. 
Rhinocoris segmentarius. Honey-bee, Melyris sp. Amblysterna sp. (Coleoptera 


—Buprestidae), Blepisanis sp., (Coleoptera—Cer- 
ambycidae). Maphyteus baccatus larva (Orthop- 
tera—Acrididae). 


Rhinocoris erythrocnemis. ‘ Honey-bee. 
ss violentus Lepidopterous larva. 

Cosmolestes pictus. Honey-bee. 

Lamottellus pilosus Blepisanis sp. 

Vitumnus scenicus var. salisburyanus. Ant (alate Megaponera sp.). 

Callilestes bicolor Lepidopterous larva. 

Phonoctonus nigrofasciatus The cotton-stainers (Dysdercus intermedius and 
fasciatus, adults and larvae, Hemiptera—Pyrrho- 
coridae). 


Microcarenus rosst ” ” 
Hoffmannocoris chinat Syntomis atricornis (Lepidoptera—Syntomidae). 


In rearing Reduviidae several different kinds of insects have been given to 
both larvae and adults and accepted by them. 

The worker caste of the common and destructive termite Macrotermes goliath 
were readily accepted by larvae of Petalochirus uwmbrosus, but the adults would 
not feed on them. I have been at considerable pains to discover the food of this 
somewhat abundant and conspicuous reduviid in its wild state, but have not 
succeeded. It seems fairly certain that the principal food of the larvae in their 
natural surroundings is this and other species'of termites which abound in their 
usual habitat. 

This species of termite was also accepted by Gnistus varius, and a small species— 
Allodontermes rhodesianus Sjost. was eaten by Lisarda spp., Edocla spp., Coranopsis 
vittata (larvae and adults) and by a 5th instar larva of Cethera marmorata. 

Adult Drosophilidae, house-flies and blow-flies were given to young larvae, 
the drosophilids being eminently satisfactory for very young ones. 

Among other insects given experimentally, since the actual food was either 
unknown or unobtainable at the time, were a Stilbum sp. (Hymenoptera— 
Chrysididae) which was successfully overcome by Fusius rubricosus, and on 
another occasion by Rhinocoris neavei, in spite of the hardness of the cuticle of 
this wasp, which is a very robust insect. 

Arctiid and lasiocampid larvae (Lepidoptera) were given to 4th and 5th instar 
larvae of Pantoleistes princeps and were soon killed in spite of their abundant 
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hairy covering and their much greater size; spiders from a mud-cell of a species 
of Humerus (Hymenoptera), were given to an adult Vitumnus scenicus and not 
refused. 

It is of interest that in Africa the Ectrichodiinae feed on millepedes 
(Spirostreptus sp.) for I have observed that the genus Scadra, from Malaya, 
belonging to the same subfamily, has the same habit. 

Among insects captured in the field by Reduviidae are some alleged to be 
protected from attack by their so-called warning colours and supposed distaste- 
fulness. Among these are the yellow and red spotted black larvae of Maphyteus 
baccatus, Syntomis atricornis, Dysdercus spp. and Lycus. The last-named is an 
abundant beetle in grass areas and has never been found captured by a reduviid, 
but it has been killed and devoured by an adult Rhinocoris segmentarius, in 
captivity. It was, however, rejected by adult Pantoleistes princeps and Rhinocoris 
vitticollis. 


Method of capturing and killing prey. 


Reduviidae kill their prey by injecting saliva simultaneously with the insertion 
of the mouthparts. This saliva has a rapid paralizing action and causes death 
in a few moments as a rule. 

Reduviids, having seized their prey, insert their mouthparts into any of the’ 
softer parts of its body, generally through the inter-segmental membranes of the 
abdomen, or, when the prey is a bee, into the coxal cavities or even into the mouth 
of insects having a hard integument, such as beetles. When larvae are attacked, 
the reduviid inserts its mouthparts in the most convenient spot. 

A reduviid usually seizes its prey with its anterior legs, but, if a powerful 
organism, capable of putting up considerable resistance, e.g. a millepede, is being 
attacked, all the legs are used to grip it until the injected saliva has taken effect. 

The method of capture usually consists of a slow advance followed by a rapid 
dash towards the prey which is then seized, and, unless it is more powerful than 
its agressor, it is overcome after a short struggle. Insects provided as food, under 
laboratory conditions at least, seem to be quite indifferent to their impending 
fate. In the field, it has also been observed that an insect, for example, a honey-bee, 
will alight on a flower regardless of the fact that a reduviid, a conspicuous object 
against the coloured background, is waiting to seize it. I have observed this on 
several occasions in the case of bees and Rhinocoris erythrocnemis on Zinnia flowers 
and of the same insects and Rhinocoris albopunctatus on yellow Coreopsis. 

The attitude usually adopted by species of the genera Rhinocoris and Coranus, 
both larvae and adults, when in wait for prey is for the reduviid to elevate the 
head somewhat and bend the antennae at the junction of the lst and 2nd segments, 
at the same time directing the lst segment backwards. It also draws the anterior 
femora and tibiae closely together and holds them at more or less the same angle 
as the antennae. The median and posterior femora and tibiae are also brought 
together and held close to the body. The result of this arrangement of the 
appendages is that the bug takes on a spider-like appearance. When on the stem 
of a plant the bug usually takes up a position with its body at an angle to the 
stem and the head directed downwards. . 
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A refinement in the method of capturing prey is practised by some members 
of the Holoptilinae. The adults are able to secrete, from a gland situated at the 
base of the abdomen ventrally, a fluid which seems to have an intoxicating effect 
on ants, their principal prey. 

This phenomenon was first recorded from Java by Jacobson (1911), the species 
in this instance being Ptilocerus ochraceus Montd. There are several representatives 
of this sub-family in Africa, but, so far as I am aware, there is no record of this 
method of killing prey having been observed there. 

Certain moderately large species, e.g., Oncocephalus sp., Reduvius tarsatus and 
Acanthaspis obscura, have been observed to become considerably agitated when 
worker termites (Allodontermes schulzei Silv.) or blowflies have been offered to 
them. On the introduction of these insects into the rearing jars the reduviids 
appeared to be intimidated and did their utmost to avoid contact with them, 
in spite of the fact that food may have been lacking for several days. At other 
times these insects were seized immediately and killed. 


Reduviidae and mammals. 


No instances have been recorded in Southern Rhodesia of attacks by Reduviidae 
on mammals. An unidentified species of Lisarda has been suspected of attacking 
sheep in the fold, but the evidence for this has not the support of expert 
observation. 

Most Reduviidae, particularly species belonging to the Acanthaspinae, Piratinae, 
Ketrichodiinae and Harpactorinae, will bite without hesitation if handled 
carelessly ; some species, however, may be handled with impunity and, indeed, 
cannot be induced to bite. Among these may be mentioned Lisarda imitatria, 
Rhaphidosoma circumvagans and Phonoctonus nigrofasciatus. 

The bite produces a sharp pain, which rapidly extends to the armpit; the pain 
persists for some hours, then gradually subsides. Around the site of puncture 
the skin becomes inflamed and hard and intense irritation continues for several 
days. Bites from larvae in the later instars can be equally painful. 

Sometimes the effect of the bite is more than usually severe, and gives rise to 
septic conditions. An instance of this occurred once when I was bitten by an 
adult Fusius rubricosus which I found in some fairly fresh cow-dung, in which 
it was feeding on dipterous larvae. 


Natural enemies. 


References in literature to the natural enemies of Reduviidae are very 
scanty. Hymenopterous parasites of the ova are probably the most important — 
enemies, but since ova are relatively inconspicuous and consequently not easy 
to discover, the extent of attack by such parasites cannot be estimated. Only 
once during the course of these investigations have I found parasitized ova in the 
field ; these were ova of Rhinocoris albopunctatus, the mass containing one hundred 
and eight ova of which only a few were parasitized by T’elenomus iphias Nixon 
(Scelionidae). 

I have no evidence of attacks by birds, dragonflies, asilid flies, all of which are 
well-known predators on other insects. 
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Some diurnal species are killed by spiders into the webs of which they have 
flown accidentally. Similarly nocturnal species, for example, Pirates conspurcatus, 
P. lugubris, Oncocephalus caffer, Trichedocla spp. have been found on several 
occasions entrapped in spiders’ webs in houses. Once entangled they are soon 
overcome and sucked dry by the spider. 

Frequently mites are present on various parts of the body and on the legs of 
certain Reduviidae, for example, Acanthaspis spp. but this is more a case of phoresy 
rather than parasitism. 


Cannibalism. 


I have never come across a case of cannibalism in the field, but in one instance 
a male Rhinocoris albopunctatus was seen in the act of feeding on a mass of ova 
of the same species. 

In the laboratory, on account of food shortage, feeding on ova by the female 
which had deposited them has often occurred. Young larvae have been observed 
on many occasions to attack, kill and feed on others in similar circumstances. 
Adults belonging to one species captured in the field have also attacked each 
other, the one killed being later devoured. 


Copulation. 


In Reduviidae the procedure when copulation is about to take place seems. 
to be mainly of one pattern. Approaching from the rear, the male with a rapid 
movement seizes the female with the anterior and median legs and the rostrum, 
the extremity of which engages with the front of the female’s pronotum. When 
a firm grip has been established, the male extends and rotates to one side the 
abdominal segment containing the copulatory organs (the pygophore) and presses 
it against the terminal abdominal segments of the female’s abdomen to which it 
is held in position partly by the harpagones. In certain genera, however, the 
harpagones are absent, so it appears that their assistance in ensuring connexion 
is not entirely indispensable. 

There is a modification of this method in the case of Glymmatophora manicae 
and in other species in which the female is apterous or somewhat larger than the 
male. After slowly approaching the female and remaining close by for some 
minutes, the male advances again until he lies partly on her side. The female 
is now grasped with all legs, and the anterior pair are placed together at the 
posterior margin of the upper surface of the pronotum. ‘The pygophore is then 
extended and the procedure followed is as described previously. While the 
connexion is being completed both sexes stridulate for a varying period and later 
the male strokes the dorsum of the abdomen of the female with the median and 
posterior legs. 

The pair remain in coitu for a considerable time, frequently for several hours. 
Copulation may, and often does, take place several times between the same pair, 
but if a male attempts to copulate with a female in which there are developing 
ova, its efforts will be unsuccessful. 

On completing the act of oviposition the female, no longer concerned with the 
ultimate fate of the ova, does not remain in the vicinity. The male after copu- 
lating, perhaps twice or thrice with the same female, also departs and has no 
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further interest in the outcome of the operation. One author, however, has 
referred to an instance in which a male remained on or close by a mass of ova 
until eclosion took place, but he does not make it clear whether the period of 
standing over the ova covered the entire incubation period, which would not be 
less, presumably, than fifteen days. It appears to me that, in this case, the 
presence of the male was entirely fortuitous, or more probably, the reason for 
the male being near the ova was that it was about to devour them. 


Polymorphism. 


In Hemiptera, polymorphism is connected not so much with the relative sizes 
of the sexes, the female generally being the larger, as with the reduction in length 
or indeed the absence of wings in certain representatives of genera in which the 
fully alate condition is normal. 

Where a brachypterous condition occurs the hind wings, so far as [ have been 
able to ascertain, undergo a much greater reduction proportionately than the 
hemelytra. In support of this, there are the examples of Hctmetacanthus annulipes 
in which both males and females are brachypterous, the hemelytra extending to 
the middle of the sixth abdominal segment while the wings are aborted, and of 
Ectrichodia crux, the female of which is brachypterous. In the latter the 
hemelytra extend to the sixth abdominal segment or a little beyond the basal 
margin and the wings are about one-fourth less in length. 

In normally alate species the wings are only a very little shorter than the 
hemelytra, except in certain Holoptilinae, when they are about half as long in 
the males and less than that in the females. The hind-wings in micropterous 
species, e.g. Phonolibes obsoletus, have entirely disappeared. 

Among the genera in which alary polymorphism has been noted are :— 
Oncocephalus, Ploearia, Afrodecius, Culicomimus, Tinna, Orthunga, Ectomocoris, 
Phalantus, T'richedocla, Edocla, Ectrichodia, Glymmatophora, Maraenaspis, Phono- 
libes and Coranus. 

There are also genera in which both sexes are apterous, for example, Rhaphido- 
soma and Leptodema. 

In Oncocephalus, reduction in wing length appears to occur rarely and in the 
majority of species of this genus both sexes are fully alate. Females of Afrodecius, 
a genus which, so far, has not been recorded from Southern Rhodesia, exhibit a 
tendency to brachyptery, and to some extent it occurs in Sastrapada, but the 
reduction is not so great that it would impair the power of flight. 

An apterous or brachypterous condition seems to occur most commonly 
in genera which live mostly in concealment, namely, Hctomocoris, Edocla, 
Glymmatophora, Maraenaspis and Phonolibes, and it is possible their relatively 
inactive mode of life has had or is having an influence on the appendages which 
they do not often use, and that, in course of time, the apterous condition or a 
condition in which the wings are so reduced as to be functionless, will obtain. 

Opposed to this, on the other hand, is the case of the genera Rhaphidosoma 
and Leptodema in which both sexes are apterous. Both, living in the open in 
grass areas mostly, are entirely diurnal and would appear to need organs of flight 
like the majority of diurnal species. 
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The idea that reduction in the length of wings takes place because they 
are a hindrance to copulation, may be dismissed so far as the Reduviidae are 
concerned. 

Apterous individuals have been considered to be neoteinic, but that is manifestly 
incorrect, for, although they have a superficial resemblance to immature forms, on 
account of the absence of wings, in other respects their morphology is certainly 
not larval. 

It is true that at first sight apterous individuals may be mistaken for larvae, 
but a closer examination of the terminal abdominal segments and of the dorsal 
surface of the abdomen to ascertain whether the ostioles of the glands are present, 
will confirm the stage of development. 

Reduction in the length of wings or their absence, from the evidence that I 
have been able to collect, seems to be more frequent in females. 

There is often some modification in the size of the ocelli in apterous forms, or 
these organs may be entirely lacking, but this does not seem to be important. 

Variation in colour may occur but not to a marked degree. There is, however, 
an outstanding example of colour variation in Vitwmnus scenicus, of which up to- 
the present seventeen varieties have been named. This species is not very 
abundant, but is certainly worth detailed study, for it provides an excellent 
subject for breeding experiments which might show what combinations produce 
the various varieties. 

In those species in which the wings have undergone reduction, a comparison 
between the shape of the posterior lobe of the pronotum of an individual in which 
this has taken place and of an alate individual will show that it also has been 
modified, having been reduced in length and, in some instances structurally changed, 
that is to say, in respect of spines or tubercles, which in the apterous forms are 
more developed. EHdocla and T'richedocla spp. in which both alate and apterous 
forms occur, provide an example of this. 


REMARKS ON THE DEVELOPMENTAL STAGES. 


Oviposition; types and structures of ova; incubation period; eclosion; larvae; glandular setae ; 
ecydsis ; differences between larvae and adults ; dorsal plates ; structural modifications. 


Oviposition. 

Reduviidae deposit their ova in various ways, sometimes singly, either with a 
small quantity of glutinous substance to attach them or without any adhesive ; 
some species deposit them in small groups of three or four or in compact masses 
in which the ova are arranged in a vertical position ; other species deposit them 
in loose groups, the ova in this case not being held together by an adhesive 
substance. 

All the species of Emesinae and Saicinae which have come under observation 
deposit their ova singly, glueing them to some object. 

The method of depositing ova singly among debris or in loose soil is practised 
by species belonging to the Salyavatinae, e.g. Petalochirus umbrosus and Lisarda 
spp. This method is similar to that followed by Stenopodinae and Piratinae, 
but the ova are placed in position in the soil, and only the marginal processes 
and the processes of the operculum are visible above the surface. 

402 
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Species of the sub-family Acanthaspinae, among which may be mentioned 
Acanthaspis obscura, Reduvius tarsatus, R. annulatus, R. appetens, Gnistus varius, 
Edocla spp., deposit their ova singly, and in R. annulatus and R. appetens only 
has a trace of adhesive substance been found. Normally it is most probable 
that no adhesive is secreted, the ova being deposited in dry places or in the crevices 
in bark of trees. For the insertion of ova into crevices the genital segments are 
suitably adapted by the well-developed gonapophyses. 

Ectrichodia crux, Glymmatophora spp. and Maraenaspis spp. of the sub-family 
Ectrichodiinae deposit their ova in loose groups to the number of fifty or so in the 
soil, the female burrowing down fairly deeply to do so. 

The compact mass method of deposition is typical of most Harpactorinae, the 
masses containing varying numbers of ova according to whether the ova are the 
first to be produced or those deposited subsequently, the number decreasing at 
each oviposition. When all the ova which have attained the requisite state of 
development have been laid, the female secretes still more adhesive substance 
which she spreads on the sides of the mass but not on the opercula. 

This method is characteristic of the genus Rhinocoris. In captivity, however, 
some species of Rhinocoris have been observed to oviposit singly, but the departure 
from the normal method can probably be ascribed to the abnormal conditions in 
which the insect was living. Leaves or twigs are usually selected as sites for the 
ova by Rhinocoris and other diurnal species, but ova of one species of this genus, 
probably violentus, have been found on the lower surface of an overhanging rock. 

It is probable that the adhesive substance secreted and smeared on the ova 
prevents desiccation, but it may also serve as a protective barrier against the 
attacks of hymenopterous parasites. 

Phonoctonus nigrofasciatus arranges its ova in groups of ten to twelve in a ring 
around a twig or grass stem; Vitumnus scenicus var. miniatus, in small groups 
also, the ova being arranged in two parallel rows ; Coranus spp. deposit their ova 
singly, the ovum being attached by its side with adhesive ; Coranopsis vittata 
places its ova in a single row, the ova being vertical and contiguous ; Lopodytes 
nigrescens deposits its ova singly as apparently does Hoffmannocoris chinai, but 
there is insufficient evidence to be definite about this ; Rhaphidosoma spp. deposit 
their ova singly or in twos or threes together on grass stems, the ovum being 
attached by its side and near the base so that it is in an oblique position. 

The aggregate number of ova produced by species which normally oviposit 
in or on the soil, among debris or in other secluded places, is, as a rule, far smaller 
than that produced by those species which deposit their ova in the open and in 
more or less compact groups. The risk of attack by enemies, among which the 
most important are hymenopterous parasites, is much greater when the ova 
are grouped together or not particularly concealed, and therefore greater numbers 
are required to ensure survival. 

The time of day when oviposition takes place, according to observations made 
in the laboratory, varies, but most females deposit their ova durin g the earlyhours. 
Some diurnal species, namely hinocoris segmentarius, R. violentus and R. 
vulneratus, have been seen ovipositing at noonday. 
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Types and structure of ova. 


Allowing for some aberrant types, the shape of the ovum is usually characteristic 
for the sub-family. In the Emesinae and the Saicinae the ova are cylindrical, 
slender, narrowly rounded basally, and in one species at least, Stenolaemus 
marshalli (Emesinae), the median process of the operculum bears a long, slender 
filament, longer than the chorion, the function of which is unknown. 

Ova of the Holoptilinae, Tribelocephalinae, Stenopodinae and Apiomerinae have 
not been seen. 

Of two distinct types are the ova of three members of the Salyavatinae, namely 
Petalochirus umbrosus, Lisarda imitatrix and L. rhodesiensis, those of P. umbrosus 
being an unusual shape. In this species the ova are polyhedral, the chorion 
flattened on three sides and the base feebly flattened. The two species of Lisarda 
have a sub-spherical ovum of which the upper part is feebly compressed on one 
side, and the operculum is sub-pyriform or elliptical in shape. 

The ova of the Acanthaspinae are narrowly elliptical or ovate with a feebly 
convex operculum. A cylindrical ovum appears to be characteristic of the Piratinae. 
I have been able to obtain the ova of only two species of this sub-family, namely 
Catamiarus nyassae and Pirates (Cleptocoris) lugubris, and these are cylindrical, 
considerably narrower at the base, and there are long marginal filaments on the 
chorion apically. 

The ova of the Ectrichodiinae are ovate with a very feebly convex operculum. 

There are four principal types of ova in the Harpactorinae ; cylindrical with the 
differentiated portion of the chorion of varying length; ampulliform (of two 
types); and cylindrical, slender, much longer than wide. The cylindrical ovum 
is characteristic of Rhinocoris spp., one kind of ampulliform ovum is characteristic 
of Coranus spp., while the other kind is produced by Hoffmannocoris, Corano psis 
and Phonoctonus. The very long, cylindrical ovum is produced by Rhaphidosoma 
spp. and Lopodytes nigrescens. This type of ovum and that of Coranus spp. 
are deposited with the longer axis parallel to the substrate, but those of 
Hoffmannocoris and Coranopsis are placed with the longer axis forming an angle 
with it. 

The operculum of the ovum presents very many interesting features. For 
details regarding the structure reference should be made to the figures and 
descriptions under the species concerned; nevertheless, some remarks on the 
principal types will not be out of place. 

In its simplest form the operculum is a circular concavo-convex disc with the 
upper surface smooth or with some kind of sculpture and the lower surface 
glabrous. This type is seen in the ova of Acanthaspinae and Kctrichodiinae. 

Reference has already been made to the unusual type of ova in the Salyavatinae. 
The operculum is of a shape not met with in the ova of other sub-families, that 
of Lisarda spp., being ovate or sub-pyriform in outline with a short cylindrical 
median process, and that of Petalochirus umbrosus triangular with the angles 
rounded and the upper surface rugulose. 

In the Emesinae and Saicinae the operculum is circular with a low, median 


process. 
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Among the Harpactorinae there are both structurally simple opercula and 
others of extraordinary form and structure, the simplest types, composed of a 
circular disc with a median process which is usually conical with the apex truncate, 
are found in the genera Rhaphidosoma, Lopodytes, Hoffmannocoris, Coranus and 
also some species of Rhinocoris. 

Opercula of a more complicated structure occur in ova of several species of 
Rhinocoris and may be described as follows. The base is a circular disc, convex 
on the lower surface. On the upper surface is a hollow cylinder of a different 
substance with a small reticulate area basally. Nearer the apex the reticulations 
or alveoles are elongate, but the surface is smooth apically. 

This cylinder is constricted once or twice and the apical margin is rarely entire, 
being mostly irregularly fimbriate or dentate. 

Within this cylinder is the opercular process, mostly of a bluntly conical shape, 
sometimes with filaments apically and with the surface minutely reticulate and 
punctate. In ova having this type of operculum the differentiated portion of the 
chorion is reflexed apically and thus covers the apex of the cylindrical portion of 
the operculum. When eclosion takes place the reflexed portion is broken off and 
the operculum is forced outwards by the larva. 

This type of operculum is characteristic of many ova deposited in compact 
groups, such ova having a relatively long differentiated portion of the chorion and 
being covered with a glutinous substance. 

This type of operculum perhaps facilitates the penetration of air into the ovum, 
the chorion being impermeable on account of the coating of glutinous substance. 

An excellent example of an ovum with a structurally elaborate operculum is 
that of Rhinocoris neavet. 


Incubation period. 


The incubation period of ova varies considerably. From observations made 
in the laboratory it has been recorded as lasting from as few as six days (Z'inna. 
maculipes), to as many as 136 days (Lisarda). On the average, the duration of 
_ this period would seem to be about three weeks. 

Whether the average duration of the incubation period based on laboratory 
observations corresponds with the average duration of the period in the natural 
environment is difficult to say. 


Kclosion. 


Ova have sometimes exhibited the external signs of infertility some time after 
deposition, such signs being a partial collapse of the chorion and a slight tendency 
to distortion. These signs, in several instances, proved to be ee and 
eclosion eventually took place. 

An indication that the time of eclosion is approaching is the appearance of 
reddish, lunate spots—the developing eyes of the embryo—on each side of the 
ovum. These spots usually begin to show a week or so before eclosion, but a 
longer period has been noted, for example with the ova of Maraenaspis vorax, 
when it was thirty-nine days. 

The developing eyes are to be seen only in ova of which the chorion is 
pale in colour and relatively tenuous in structure. In such ova, other signs of 
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embryonic development may sometimes be seen, notably in the case of Petalochirus 
umbrosus, when, as well as the eyes, the rudiments of the antennae and legs are 
to be discerned. 

When the time for eclosion arrives the embryo first removes the operculum. In 
many other Hemiptera, and indeed, in some other orders of insects, this is effected 
by means of an “ egg-burster”’ (of which there are several types), a structure 
which is a more highly sclerotized part of the embryonic cuticle. This type 
of “egg-burster ” is provided with one or more projections with which to pierce 
the chorion and eventually to elevate the operculum. On the embryonic cuticle 
of the Reduviidae there are two groups of short, acute denticles which, although 
not performing the same initial operation, i.e., the piercing of the chorion, almost 
certainly engage with the under surface and rim of the operculum and facilitate 
its removal by the embryo. 

This structure, however, cannot be placed accurately in the same category as 
“ egg-bursters ’, since the operation of removing the operculum in reduviid 
ova consists solely of forcing it off and to do this it is not essential that the chorion 
be pierced. In Reduviidae also, the operculum usually falls off and only the 
embryonic cuticle remains on or in the empty chorion after the larva has left. In 
ova of other insects that possess ‘“‘ egg-bursters’”’, the chorion is merely split 
around the opercular rim and enlarged sufficiently to allow the insect to free itself. 

The larva next ruptures the cuticle with which it is invested. This it does 
by taking in air and causing the body to swell, whereupon the cuticle tears along 
the dorsal line of the head. The larva then gradually disengages the antennae, 
head and anterior legs. With the anterior legs free it is able to obtain a hold and 
subsequently to disengage the median and posterior legs and finally the abdomen. 

Although only a very short interval occurs between the extrusion of each ovum 
from the body of the female, the ova thus being at approximately the same stage 
of development, a corresponding period between the time of eclosion of each 
ovum does not usually take place ; on the contrary, the period may be much longer 
with the result that the last larva to hatch may leave the ovum several hours after 


the first one. 


Larvae. 

Immediately after eclosion, the cuticle of the larva is soft and pale in colour, 
usually pinkish white or pale yellow, but within an hour or so, the colour pattern 
is fixed. This change in the pigment is not brought about by contact with the 
air, but the chemical processes giving rise to it are, apparently, set in motion by 
some nervous mechanism. Hardening of the cuticle, however, is not so rapid. 

Having liberated itself from the ovum the larva remains more or less quiescent, 
as a rule until the hardening and pigmentation of the cuticle is nearly complete. 
Larvae originating from ova deposited in masses remain clustered together and do 
not disperse until after the first moult. For larvae in the first instar food does 
not seem to be absolutely necessary. In the laboratory, however, larvae in 
this instar have been seen to imbibe freely a weak sugar solution and also water 
alone. In their natural surroundings it is probable that they suck moisture in . 
the form of rain-drops or dew, but I have not observed any to do so in Rhodesia. 
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In Malaya, first instar larvae of Rhinocoris marginellus have been seen to drink in 
this manner. 

Larvae originating from ova deposited in the soil, for example those of species 
belonging to the Ectrichodiinae, remain in the soil or burrow therein. In the 
laboratory, larvae of Maraenaspis vorax and Ectrichodia crux immediately burrowed 
into the soil in.a jar to which they had been transferred from another receptacle. 
When, however, food was supplied, they came to the surface again, and returned 
into the soil after feeding. In the Ist and 2nd instars and to some extent in later 
instars the larvae of these species congregate in cavities in the soil. 

The gregarious habit accompanied by thigmotaxis has been observed in the 
later larval stages of Petalochirus umbrosus, the larvae of which live under logs in 
contact with the soil or under the bark of dead trees. 

Some larvae, in the earlier stages of development particularly, have a superficial 
resemblance to ants, a resemblance which is heightened by their rapid and erratic 
movements and their habit of holding the abdomen at right angles to the thorax. 
This habit has been observed particularly in the larvae of Rhinocoris spp. Hoff- 
mannocoris chinai and of Pantoleistes princeps, but it is not so pronounced in the 
jast-mentioned species. 

Resemblance to apterous Phasmidae may be seen in the genus Rhaphidosoma, 
both in the general form of the body and in the resting attitude. Species belonging 
to this genus rest with the body pressed close to the stem of grass or twig on which 
they may be, while they hold their antennae and anterior legs together extended 
to the front and their median and posterior legs close to the body and directed 
backwards. 

Striae are present in the prosternal furrow of all instars of Rhinocoris 
erythrocnemis and have also been detected in the Ist instar of several species of 
Rhaphidosoma and of Leptodema acanthocephala. In the 4th and 5th instars of 
Petalochirus umbrosus and of Reduvius tarsatus the striae are well-developed, 
and stridulation by a 5th instar larva of Phonoctonus nigrofasciatus and also 
by a 4th instar larva of a species of Maraenaspis was quite audible. 


Glandular setae. 


The glandular setae are an interesting feature of the larvae of some Salyavatinae, 
Acanthaspinae and Harpactorinae. A viscid substance is secreted through 
these setae and to it small grains of soil and vegetable debris, which, particularly 
in Acanthaspis obscura, Reduvius annulatus and allied species, and Petalochirus 
umbrosus, almost completely obscure their form. From the point of view of the 
observer, these larvae merge almost completely into the background of soil or debris 
on which they are, so long as they remain motionless. 

It has been suggested that this faculty of accumulating debris on their bodies 
and appendages provides a disguise affording protection from enemies. Since, 
however, the larvae of the species mentioned spend their entire existence in 
concealment or in dark places and prey largely, so faras observations go, on termites 
or other small animals which live in such situations, the need for disguise is not 
apparent. 
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The accumulation of solid particles by the larvae of P. umbrosus is usually not 
so extensive that it masks the shape of the body as effectively as in the species 
of Acanthaspinae referred to. 

The secretion from the glandular setae of Cosmolestes and Rhinocoris is of a 
greenish or yellowish colour and it remains viscid long after the death of the larva. 
In quantity the secretion is somewhat copious, and at times must be embarassing 
owing to unwanted substances becoming accidentally attached to it. 

When the adult stage is reached, a reduction in the number of these setae is 
usual. 


Ecdysis. 

An important event in the life of a larva is ecdysis or moulting, for it is at that 
time that conditions must be favourable, otherwise difficulties will arise during 
the operation of removing the exuviae. 

This applies particularly to larvae reared in captivity. If moisture is lacking 
from the receptacle in which the larvae are kept, the exuviae often do not readily 
separate from the body and appendages, with the result that the operation is 
unduly prolonged. In such circumstances, and also if the larva has no object 
to which to cling, malformation of some part, particularly the legs, of which some 
segments may be duplicated or broken off, will occur. This crippling will not 
necessarily result in the death of the larva but it reduces very ponedereply its 
chances of moulting successfully on the next occasion. 

Under natural conditions, to judge by the rarity of malformed specimens that 
come under notice, the operation of moulting would not appear to be so serious a 
business. 

Normally, ecdysis takes place five times. To divest itself of the exuviae the 
larva forces air from the abdomen forwards and thus causes the cuticle to split 
along the so-called “ ecdysial line”’, a narrow transverse area just behind the 
eyes connected to a similar area which extends along the postocular portion of 
the head, along the nota to the Ist segment of the abdomen. The larva then 
extricates its head, antennae and anterior legs, and then with the assistance of 
these legs it disengages the other legs and the abdomen from the exuviae. 

Sometimes, however, ecdysis is assisted by gravity, the insect hanging head 
downwards and partly dragging itself out and partly wriggling free. 

Ecdysis does not appear to take place at any particular time of the day, but 
on several occasions it has been observed to take place in the early morning. 

As in the newly hatched larva, the cuticle of a larva which has just moulted 
is also soft and pale in colour, with the markings such as annulations on legs or 
antennae showing a little darker. It has been observed that in one species— 
Rhinocoris segmentarius—immediately after ecdysis has taken place, faint annula- 
tions are present on the femora. These vanish as the colour darkens and finally 
the femora are unicolorous. 


Differences between larvae and adults. 

The main differences between larval and adult Padicidas comprise (in the 
larva), the absence of wings and the presence of dorsal plates on which are located 
the ostioles of the abdominal glands, and a difference in numbers of tarsal and 
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antennal segments in most species. The number of tarsal segments in larvae is 
two in most sub-families, one segment in the Holoptilinae and one on the anterior 
tarsus of those genera of the Emesinae in which the adults have this tarsus 
consisting of one segment. 

In the genus Maraenaspis adults may be alate or apterous. In most species 
the appearance and gradual development of wing-pads is the rule. In Maraenaspis 
vorax, however, a close examination of the meso- and metathorax of larvae in the 
4th and 5th instars reveals only a very minor difference in the conformation 
of the cuticle. In another species of Maraenaspis, not yet determined, there are 
5th instar larvae with well-developed wing-pads. 

There is a possibility that a similar type of development is shared by the genus 
Glymmatophora in which there are alate males and apterous females and in the 
genus Hctrichodia in one species of which, at least—dimorpha—there are alate and 
apterous males and apterous females. _ 

Larvae of Hoffmannocoris chinai and Blapton ramentaceus exhibit striking 
differences from the adult. In the former the body is beset with very long 
robust spines which entirely disappear when the adult stage is reached and 
in the latter, in the 5th instar, the pronotum has three large tubercles 
and two small ones and the 5th and 6th segments of the abdomen have Jong 
foliaceous projections. The dorsal plates on segments 4 and 5 in this species 
have long lateral spines. Although the adult Blapton is a somewhat bizarre 
insect on account of the unusual arrangement of setae on antennae and legs and 
of the irregular foliaceously expanded connexivum, it is far less striking than 
its larva. In Reduvius annalatus, R. tarsatus, Acanthaspis obscura and other 
Acanthaspinae the abdomen in the larva, particularly in the earlier instars, is 
sub-circular in outline but later becomes broadly elliptical; and in Pantoleistes 
princeps the larvae have very prominent dorsal plates, especially when in the 
5th instar, but the strongly expanded connexivum present in the adult is lacking. 


Dorsal plates. 


Dorsal plates are very prominent in some larvae. They disappear when the 
adult stage is reached and then their former position is indicated on the abdomen 
of the adult by an indentation, or thickening mid-dorsally of the segment 
corresponding to that on which the plates were situated in the larva. The 
distribution of the ostioles of the abdominal glands on these plates is of interest. 
The condition considered to be primitive by Usinger, i.e., a complete series of 


ostioles, is found in the following subfamilies occurring in the Aethiopian Region, | 


Harpactorinae, Apiomerinae,  Piratinae, Cetherinae, Reduviinae and 
Tribelocephalinae. In the EKctrichodiinae and Holoptilinae, they are present 
only on the 5th and 6th segments, in the Stenopodinae on the 4th and 5th 
segments, and in the Elasmocorinae only on the 4th segment. They are entirely 
absent from the Emesinae, Saicinae and Triatominae. 

I have not been able to obtain larvae of genera of all these sub-families, but 
it has been possible to confirm Usinger’s findings regarding the location of the 
dorsal plates in many of them, with the exception of the Ectrichodiinae. In the 
genera Kctrichodia and Maraenaspis the ostioles are situated on the 4th and 5th 
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segments, but the dorsal plates are by no means well defined. In Maraenaspis 
particularly, fixing of the precise location of the dorsal plates is complicated by the 
lack of definition of the apical margin of the 4th segment and by the fact that 
from the lateral extremities of that segment a moderately deep sulcus, which is 
much more conspicuous than the apical margin of the segment, extends diagonally 
to the basal lateral angles of the plate on the 5th segment. This gives the 
impression that the plate on segment 4 is actually situated in the middle of the 
segment. Examination of the dorsum of the adult abdomen reveals clearly, 
however, the position the ostioles occupy. 

In the Salyavatinae the ostioles are located on the 3rd, 4th and 5th segments. 
The dorsal plates bearing them are very small and conical and the ostiole itself 
is at the apex. 

A greatly exaggerated type of dorsal plate is to be seen in Pantoleistes princeps, 
particularly in the 5th instar larva. In this the plate on the 5th segment of the 
abdomen is elliptical, broadly conical and about three times as high as the plates 
on segments 3 and 4. 

In the genus Rhaphidosoma the ostioles which are located on segments 3, 4 and 5 
are indicated by an extremely small transverse slit feebly widened at each end. 
These structures are very difficult to see even under high magnification. 

Larvae of some species have dorsal plates on segments 6 and 7, but these plates 
do not bear gland ostioles. Such plates are present, for example, in larvae of 
Vitumnus scenicus. 


Structural modifications. 


Any modification of the legs which takes place at the termination of the larval 
stage is relatively slight in most species. In those species which have a fossula 
spongiosa, signs of its development become apparent in the 4th and 5th instars. 
Considerable change, however, is exhibited in species the adults of which have 
the anterior tibiae greatly expanded, e.g., Petalochirus wmbrosus and others. The 
larvae of these species in the later stages have only moderately thickened tibiae. 

At the 5th ecdysis a modification in the number of tarsal segments takes place, 
the number being increased from two to three, except in the Emesinae, Saicinae 
and Salyavatinae. In the Emesinae and Saicinae the anterior tarsi of the adult 
may have one or three segments and in the Salyavatinae two segments. The 
tarsi of the other legs have three segments. 

I have not seen larvae of the Apiomerinae, in which the adults in some genera 
have modified tarsi on the anterior legs and in another (Cleontes) no tarsi at 
all. 

As a rule the antennal segments in larvae are relatively thicker than those of 
adults and, in both larvae and adults there are not more than four except in the 
Ectrichodiinae in which the number is increased to eight (Maraenaspis), and to six 
(Ectrichodia, Centraspis). In another genus of this sub-family (imocleptria) 
the number of segments becomes seven. The increase in the number of segments 
from four to the number present in the adult antennae, so far as I am aware, 
takes place at the 3rd ecdysis, when the 4th segment divides. 

In the sub-family Tribelocephalinae the number of segments is apparently 
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increased to eight. Segments 1-3 of the adult antenna are well defined, but 
in dead specimens the segmentation of the remaining segments is extremely 
difficult to make out on account of the irregularities of the surface. 

The external morphology of the head undergoes minor changes, the head being 
in proportion to the body larger perhaps in the earlier stages of development, 
than in the adult. Spines or tubercles may disappear or be modified, or again 
may appear only when the adult stage is reached. In most species the ocelli 
appear after the 5th ecdysis. 

Modification in the structure of the mesonotum to reveal the presence of the 
scutellum takes place at the 4th instar, in which instar also in alate species the 
rudiments of the hemelytra and wings take on a more definite form. At the 5th 
instar the rudimentary hemelytra usually extend to the third abdominal segment. 

Throughout larval life the external structure of the terminal segments of the 
abdomen shows so little change that it is impossible to tell their sex before they 
become adult. 

HABITATS. 


Reduviidae are to be found in almost every kind of habitat in Southern Rhodesia, 
though rarely above an altitude of four thousand feet. Often the larvae and 
adults of a species have quite different preferences, and sometimes the sexes 
similarly differ. Below, I have attempted to group the species under well marked 
types of habitat in accordance with the available information. 


Caves. 


There appear to be no true cavernicolous Reduviidae, those species which 
have been recorded from caves such as Myiophanes speluncarum, Bagauda tenebricola 
and Khafra spp., being equally at home in sheltered localities in which there is a 
moderate degree of obscurity. These species do not exhibit structural modifications 
often to be seen in true cavernicolous organisms. They are often attracted to 
artificial light. 


Swampy areas (vleis.) 

In these areas, especially where water is abundant, species of Cyperaceae grow, 
and further away from the water where the soil is moist, several other species 
of grasses and low plants. The term “ vlei’’ means an area which is always wet 
in the wet season and may or may not be dry in the dry season. In this type 
of habitat I have found Coranus reuteri, Coranus pullus and Coranus rubrolimbatus. 


Cultivated areas. 


These comprise localities where crops are grown, and flower-gardens. In these 
areas have been captured, Rhinocoris albopunctatus, R. segmentarius, R. erythro- 
cnemis, Sphedanolestes bumaculatus, Phonoctonus nigrofasciatus and Microcarenus 
villosus. The Rhinocoris spp. were frequently found on the flowers of Zinnia and 
Coreopsis. 


Bush areas. 


In this kind of habitat there is a varied flora, the trees, to mention only a few 
species being mainly Isoberlinia spp., T’erminalia sericea and other species of that 
genus, Bauhinia spp., Brachystegia spp., Swartzia madagascariensis, Combretum spp. 
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and of course numerous species of grasses, of which one of the most abundant 
belongs to the genus Hyparrhenia. 

Usually the trees in these areas are rather widely spaced, but occasionally, 
mainly on the mounds formed by termites, a more dense growth is usual. 

In these areas the following species have been captured :—Rhaphidosoma 
circumvagans, R. ambulator, R. maximum, R. grisewm, R. simile, R. rufipes, R. 
sordidum, Lopodytes nigrescens, Hoffmannocoris chinai, Leptodema acanthocephala, 
L. laticollis, Breddinea pilipes, Paramphibolus albiventris, Microcarenus villosus, 
Rhinocoris vulneratus, R. nemoralis, R. albopunctatus, R. violentus, R. odziensis, 
R. segmentarius, R. venustus, R. erythrocnemis, R. neavei, R. nebulosus, R. dasynotum, 
Rh. vitticollis, R. picturatus, Hediocoris tibialis, Aprepolestes plagiatus, Lamottellus 
ptlosus, L. niger, Sphedanolestes bimaculatus, S. nanus ; Bequaertidea pusilla, B. 
consimilis, Peprius pictus, Cosmolestes pictus, Callilestes gracilis, C. bicolor, Panto- 
leastes princeps, Endochus curvidens ; Pseudophonoctonus formosus, Coranus 
carbonarius, C. oblongiceps, C. tumidinotum, C. erebus, C. papillosus, Coranopsis 
vittata, Vitumnus scenicus, V. s. var. cinnabarinus, V. s. var. miniatus, Nagusta 
subflava, Blapton ramentaceus, Petalochirus umbrosus, P. rapinator. 

Of the species mentioned above, all belong to the sub-family Harpactorinae 
with the exception of the last two which belong to the Salyavatinae. In this 
type of habitat I have also captured on plants and grass-stems or on the soil, 
Edocla vicina (apterous forms), Fusius rubricosus, Catamiarus nyassae, Maraenaspis 
corallinus (alate males’ and Kctrichodia crux. It seems that the reduviids in 
question had been disturbed and driven from their normal daytime habitat. 

The genus Rhinocoris is well-represented ; three species of this genus—segmen- 
tarius, picturatus and vitticollis— have been found to frequent a leguminous plant 
having small pink flowers to which butterflies and bees are attracted. 

Pantoleistes princeps adults have been obtained from larvae of which several 
were found on the leaves of Terminalia sericea at a height of some thirty feet from 
ground level. Similarly, Nagusta subflava was also reared from a larva in the 5th 
instar found on a Brachystegia sp. at about six feet from the base of the tree. The 
normal habitat of both larvae and adults of these two species is the foliage of 
trees rather than on low vegetation. 

Representatives of the Harpactorinae, being diurnal in habits, are not often 
seen at night, but they may be attracted to artificial light if they happen to be 
resting nearby. During the period in which this method of collecting was 
employed, only two species, Odontogonus pallidus and Hedvocoris tibialis, were 
captured. 


Mountain forest margin. 

On low vegetation on the outskirts of forest at altitudes of 4000-5000 ft. the 
following species have been found: Rhinocoris vumbaensis, Coranus viduus, C. 
monticola and Moto rhodesiensis. At a lower altitude, but in a similar situation, 
Rhinocoris venustus has been collected. 


Buildings. 

In dark and dusty crevices in houses and in outbuildings including fowl-houses 
the following Acanthaspinae have been taken—Reduvius annulatus, R. necatorvus 
and A. tarsatus. 
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Under rocks and tree-trunks. 


Entrychodia crux, Glymmatophora manicae, G. mashonae, G'. rhodesiensis, Maraen- 
aspis vorax (also found in the soil), Phonolibes obsoletus, P. vicinus, Ectmetacanthus 
annulipes, Cethera marmorata, Ectomocoris varipes, Edocla vicina, E. suffusa. 


Sheltered positions under rocks and trees. 

Tinna maculipes, Ploearia nuda, Petalochirus (larvae only). 
Among leaf-debris. ; 

Lisarda rhodesiensis, L. vmitatrix. 


BrotogicaL Notes AND Lire HisTorRtIEs. 
EMESINAE. 
Stenolaemus marshalli Distant. 
Stenolaemus marshalli Distant, 1903, Ann. S. Afr. Mus. 3, 51. 


One female captured at light (Feb.). From this female a single ovum was 
obtained two days after capture, and during the following week, three more ova 
were deposited ; Odzi, Salisbury and Umfuli R. 

Ovum (fig. 14). Chorion brownish yellow with the apical margin brown ; 
opercular filaments whitish ; median opercular process whitish, apically blackish. 
Cylindrical ; chorion with longitudinal rows of short filaments ; median opercular 
process with a slender filament; upper surface of operculum finely reticulate ; 
length of ovum 1-00 mm. of filament 1-50 mm. 


Fig. 1. 


Stenolaemus marshalli Distant. A. Ovum. B. Ist instar larva. 


Incubation period somewhat irregular in this case, the period being from ten 
to eighteen days. 

lst Instar (fig. 1B). Hyaline. Apical segment of antennae piceous basally ; 
remaining segments, legs with faint piceous annulations. Abdomen tuberculate 
laterally and with ten tubercles sub-dorsally. 

Adult. Dark stramineous. Head and pronotum, except constricted portion, 
darker. Anterior femora with two, median and posterior femora with three 
whitish annulations ; setae piceous, except on annulations, whitish. Hemelytra 
whitish with irregular infumate spots and suffusion. 
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Myiophanes volituns Miller. 
Myiophanes volitans Miller, 1950, Proc. zool. Soc. Lond. 120, 189. 
One male captured at light (Jan.) ; Salisbury. 
Adult. (Pl. I, fig. 1.) 


Empicoris stevensoni Miller. 
Empicoris stevensoni Miller, 1950, Proc. zool. Soc. Lond. 120, 190. 
Two males captured at light (Jan.) ; Selukwe. 


Ploearia (Luteva) nuda Miller. 
Ploearia (Luteva) nuda Miller, 1950, Proc. zool. Soc. Lond. 120, 191. 
A male found under a stone (Feb.) ; Umtali. 


Bagauda tenebricola Horvath. 
Bagauda tenebricola Horvath, 1910, Bull. Mus. Hist. nat. Paris 16, 271; B. tenebricola Jeannel, 
1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hemipt.), 155. 

One male captured at light (Nov.) ; Odzi and Salisbury. 

Adult. Antennae, head, except rostrum, femora piceous; rostrum, anterior 
lobe of pronotum dark yellowish ; pleura, sterna, abdomen, coxae, posterior lobe 
of pronotum, blackish brown; median and posterior femora apically ; median 
and posterior tibiae basally narrowly whitish ; anterior femora yellowish, strongly 
suffused with piceous in apical two-thirds; anterior tibiae and tarsi brownish. 
Hemelytra dark testaceous ; membrane faintly iridescent. 

This species has been captured in caves in Tanganyika Territory. 


Tinna maculipes Miller. 
Tinna maculipes Miller, 1950, Proc. zool. Soc. Lond. 120, 193. 

An alate male found under a log (Oct.). Its presence was revealed by the manner 
in which its swayed from side to side when disturbed. Another male (apterous), 
was found under a large stone (Sept.), and a female was discovered in a crevice 
in bark at the base of a tree; Odzi. 


Fig. 2. 


Tinna maculipes Miller. Ovum, 


This female deposited a few ova, each being placed singly in cracks in a piece 
of bark. The incubation period in this instance was six days. 

Ovum (fig. 2). Dull brown; operculum dull whitish ; feebly glabrous ; surface 
of chorion very feebly shagreened ; cylindrical; 1-00 mm. 

Female similar to male in coloration except that posterior tibiae are whitish 
basally, the head less strongly marked and the anterior femora not brown apically. 
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Orthunga gravida Miller. 
Orthunga gravida Miller, 1950, Proc. zool. Soc. Lond. 120, 194. 
One female captured among rough grass at base of tree; Odzi. 


SAICINAE. 
Sparrapeltis sericea Miller. 


Spairapeltis sericea Miller, 1950, Proc. zool. Soc. Lond. 120, 192. 


One male captured at light ; Odzi. 
Adult (PI. I, fig. 2.) 


T RIBELOCEPHALINAE. 


Tribelocephala noctivaga Miller. 
Tribelocephala noctivaga Miller, 1950, Proc. zool. Soc. Lond. 120, 196. 
One male and female captured at light (Nov.). No ova were obtained; Odzi. 


Tribelocephala impura Miller. 


Tribelocephala impura Miller, 1950, Proc. zool. Soc. Lond. 120, 196. 
One male captured at light (Oct.) ; Odzi. 


STENOPODINAE. 
Sastrapada glabra Miller. 
Sastrapada glabra Miller, 1950, Proc. zool. Soc. Lond. 120, 203. 
A male captured at light (Dec.) ; Odzi. 


Sastrapada manicae Miller. 
Sastrapada manicae Miller, 1950, Proc. zool. Soc. Lond. 120, 204. 
One male captured at light ; Odzi. 


Sastrapada calva Miller. 
Sastrapada calva Miller, 1950, Proc. zool. Soc. Lond. 120, 205. 
One male captured at light (Jan.) ; Odzi. 


Sastrapada rhodesiensis Miller. 
Sastrapada rhodesiensis Miller, 1950, Proc. zool. Soc. Lond. 120, 201. 
One male captured at light (Jan.) ; Odzi. 


Sastrapada strabo Miller. 
Sastrapada strabo Miller, 1950, Proc. zool. Soc. Lond. 120, 206. 
One male captured at light (Jan.) ; Odzi. 


Padasastra attenuata Miller. 
Padasastra attenuata Miller, 1950, Proc. zool. Soc. Lond. 120, 207. 


One female which died without ovipositing captured at light (Jan.); Victoria 
Falls, Salisbury and Odzi. 


al 
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Oncocephalus caffer (Stal). 

Stenopoda caffer Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 44; Baebius caffer Stal, 1865. Hem. Afr. 3, 
155 ; O. (Baebius) caffer Reuter, 1883, Monogr. Gen. Oncocephalus 15 ; Oncocephalus caffer Distant, 
1903, Ann. S. Afr. Mus. 3, 43; Baebius caffer Jeannel 1919, Résult. sci. Voy. Alluaud et Jeann. 
Afr. or. (Hem.) 171; B. caffer, Hesse, 1925, Ann. S. Afr. Mus. 23, 96; B. caffer Schouteden, 
1931, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 113. 

Several males captured at light (Nov.—Dec.) ; Bulawayo, Salisbury, Umtali, 

Slukwe and Odzi. ion 

Adult (Pl. I, fig. 3). Testaceous. Segment 1 of antennae faintly suffused with 
red ; segment 2 suffused with piceous in apical half ; terminal segments blackish. 

Eyes black. Ocellar area suffused with black. Discal tubercles on anterior lobe 

of pronotum reddish; anterior lobe medially, posterior lobe between carinae 

suffused with piceous. Scutellar spine, legs stramineous; anterior tibiae with 
wide, somewhat irregular apical, median and basal annulation, median tibiae with 
two irregular annulations in basal half, posterior tibiae with suffused spot basally 
laterally, blackish; median and posterior femora suffused with dark brown. 
Suffusion on clavus, spot in discal cell and in external cell of membrane fuscous. 


Oncocephalus annulipes Stal. 
Oncocephalus annulipes Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 44; Stal, 1865, Hem. Afr. 3, 158 ; 
Reuter, 1883, Monogr. Gen. Oncocephalus 34; Distant, 1902, Ann. Mag. nat. Hist. (7) 10, 178 ; 
.Distant, 1903, Ann. S. Afr. Mus. 3, 43; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. 
or. (Hem.) 171; Hesse, 1925, Ann. S. Afr. Mus. 28, 94; Schouteden, 1931, Ann. Mus. Congo 
Belge Zool (3) Sect. 2, 1, 114. 

One male captured at light (Jan.); Salisbury. 

Adult. 'Testaceous. Segment 1 of antennae pale basally ; segment 2 apically 
and terminal segments blackish. Rostrum, head laterally, inter-ocellar area, 
anterior lobe of pronotum medially, linear areas on posterior lobe, propleura 
except medially transversely, blackish; meso and metapleura with irregular 
black suffusion ; basal lateral spines on anterior lobe of pronotum pale reddish 
yellow ; anterior lobe with a sinuate, interrupted narrow black stripe sub-dorsally. 
Scutellum black; medially and spine testaceous. Corium with fuscous suffusion 
between veins, darkest on clavus and between claval suture and M ; spot in discal 
cell, a small spot at base and sagittate spot in external cell fuscous. Connexivum 
with a small spot at external apical angle of segments 2-6, a narrow marginal 
spot on segments 4-7 and a large spot at apex of segment 7, piceous ; ventro- 
laterally with confluent spots and suffusion blackish. Anterior femora, apex of 
median and posterior femora suffused with black; on the upper surface of the 
anterior femora the suffusion is linear; anterior tibiae with basal, apical and 
sub-median annulations, median and posterior tibiae with two annulations in 
basal half blackish. 

Oncocephalus minimus Miller. 
Oncocephalus minimus Miller, 1950, Proc. zool. Soc. Lond. 120, 198. 


Two males at light (Nov.—Dec.) ; Odzi. 
Oncocephalus viator Miller. 
Oncocephalus viator Miller, 1950, Proc. zool. Soc. Lond. 120, 199. 
One male captured at light (Nov.) ; Odzi. 
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Oncocephalus pubiventris Miller. 
Oncocephalus pubiventrts Miller, 1950, Proc. zool. Soc. Lond. 120, 200. 
One female which did not oviposit captured at light (Jan.); Odzi. 


Oncocephalus sordidus Stal. 
Oncocephalus sordidus Stal, 1855, Oefv. Vetensk-Akad Forh. 12, 44. 
Only known from Salisbury. 


Pygolampis marginata Miller. 
Pygolampis marginata Miller, 1950, Proc. zool. Soc. Lond. 120, 197. 
One male captured at light (Jan.) ; Odzi. 


Dithmarus rhodesianus Miller. 
Dithmarus rhodesianus Miller, 1952, Ann. Mag. nat. Hist. (12) 5, 784. 


One male captured at light (Dec.) ; Odzi. 

Adult. (Pl. I, fig. 5.) Segments 1 and 2 of antennae, legs pale stramineous ; 
anterior femora with suffused black spots ; tibiae with narrow, blackish suffusion 
apically. Head and thorax pale ferruginous. Apex of scutellar spine pale reddish. 
Connexivum testaceous with pale stramineous suffused spots. Eyes black. Lateral 
angles of collar, tubercles on anterior lobe of pronotum, postero-lateral projections 
on posterior lobe pale reddish. Corium testaceous ; clavus with an elongate fuscous 
spot ; membrane greyish with a pentagonal fuscous spot at base of internal cell, a 
small fuscous spot near external vein of internal cell basally, a large irregular 
fuscous spot medially and a small irregular spot basally in external cell ; venation 
stramineous. 


Thodelmus quinquespinosus (Fabricius). 


Gerris quinquespinosus Fabricus, 1803, Syst. Rhyng. 261 ; Stenopoda lateralis Germar, 1837, Silberm. 
Rev. ent. 5, 132; Thodelmus quinquespinosus Stal, 1865, Hem. Afr. 3, 159; Distant, 1903, Ann. 
S. Afr. Mus. 3,43; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 174 ; Schou- 
teden, 1931, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 113. 

Two males captured at light (Dec.—Jan.) ; Odzi. Also reported from Victoria 
Falls and Salisbury. 

Adult. (Pl. I, fig. 4.) Pale testaceous. Segments 1-3 of antennae pale reddish ; 
segment 1 broadly, apically, segment 2, narrowly apically black; segment 4 
yellowish. Eyes black. Head laterally and ventrally black with a narrow 
testaceous area medially laterally ; postocular with a broad blackish stripe 
enclosing ocelli and becoming narrower to base of head. Pronotum with fine, pale 
fulvous or golden pubescence ; pleura and sterna suffused with black and with 
dense pale fulvous pubescence. Lateral spines on pronotum, scutellar spine pale 
testaceous. Corium brownish with blackish suffusion ; costal area pale stramineous ; 
membrane with greyish maculation. Femora with apical third dark reddish 
brown. 
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f 
SALYAVATINAE. 


Petalochirus rapinator Miller. 
Petalochirus rapinator Miller, 1950, Ann. Mag. nat. Hist. (12) 3, 491. 


Both sexes found a foot or so from the ground on grass stems (Jan.). When 
handled they stridulated audibly. No ova were obtained ; Umtali. 
Adult. (Pl. I, fig. 7.) 


Petalochirus umbrosus (Herrich-Schaeffer). 

Platychiria umbrosa Herrich-Schaeffer, 1853, Wanzenart. Ins. 59, 126; Petalochirus umbrosus Stal, 
1865, Hem. Afr. 3, 145; Gerstacker, 1873 in Decken. Reisen Ost-Afrika 8 (2), 420; Schouteden, 
1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 119. 

Adults of this moderately abundant species have been found on grasses and 
low plants from the middle of November to the end of January. It is not a 
particularly active insect and when disturbed does not fly far from the place where 
it rested ; Umtali and Odzi. 

Neither adults nor larvae have been captured with prey, but in captivity, 
larvae have readily fed on workers of Macrotermes goliath Sjéstedt. So far as I have 
been able to ascertain, larvae reach the 5th instar at the beginning of the cold 
season and remain in that state until the onset of the rains in October or November. 
In all instars they live in concealment, mostly under logs, stones or the loose bark 
of dead trees, and often exhibit strong thigmotactic tendencies. 

They are provided with abundant glandular setae, mostly on the body, and to 
these setae a considerable amount of debris or grains of soil adhere, which results 
in the obliteration of their actual form. This has the effect of rendering them 
almost invisible against their background so long as they remain motionless. 

In view of the habit of larvae to congregate in the localities referred to, it has 
been found an effective method of obtaining them to place logs among grass in 
sheltered places in areas where adults have been observed. This method, inci- 
dentally, can also be employed with good results to obtain other species with 
similar light-shunning habits. 

I have found that adults may be handled with impunity and cannot be induced 
to bite. When seized they stridulate vigorously and secrete a copious quantity 
of fluid at the same time. In one instance I noticed that the fluid flowed along 
the lateral margins of the abdomen ventrally and remained visible for a few 
minutes. 

In most Reduviidae, which have come under observation, it has been impossible 
to detect the presence of fluid, although the characteristic odour was very evident. 
Apparently, in this species the fluid is less volatile than that from other species 
and in this respect resembles that secreted by other Rhynchota, for example, 
Ochrochira rubrotincta Miller and Physomerus grossipes F. (Coreidae), both Malayan 
species. The odour of the secretion from P. umbrosus resembles valerianic acid. 

In the laboratory ova were deposited singly or in loose groups and no attempts 
were observed on the part of the female to conceal them. 

Ovum (fig. 34 and B). Pale green, faintly iridescent. Conical, flattened on 
three sides and apically ; base feebly flattened ; surface of chorion sub-glabrous, 
feebly tranversely depressed sub-apically ; upper surface of operculum feebly 
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rugulose and with irregular linear depressions; in outline triangular with the 
angles rounded. 1:550mm. | 

The incubation period is from seventeen to twenty-five days. A few days 
after deposition a suffused red patch appears on one side and basally. 

lst instar (fig. 3c). Antennae, legs and rostrum light brown; apical segment 
of antennae whitish in apical two-thirds. Head and thorax dark reddish brown ; 
membrane between meso- and metanotum and pleura whitish. Abdomen dull 
reddish brown with the apical margin of segments and connexival projections 
whitish. Setae on antennae and legs dark brown ; on head and body mostly pale 
fulvous. Ostioles of dorsal glands very small, sub-circular, feebly elevated on 
segments 3, 4 and 5. Setae on femora short, recurved, on tibiae longer and less 
curved. Setae on head and body mostly of the glandular type. 2°00 mm. 


Fig. 3. 


Petalochirus wmbrosus (Herrich-Schaeffer). A. Ovum. B. Operculum. C. Ist instar larva, 
D. 5th instar larva. 


5th instar (fig. 3D). Head, antennae, body brownish stramineous. Segments 2 
and 3 of antennae with a sub-basal and sub-apical suffused blackish annulation. 
Eyes black. Abdomen dorsally and ventrally with two rows of ovoid or elongate 
ovate, somewhat depressed black spots. Pronotum with linear black spots. Femora 
yellowish with irregular piceous annulations. Tibiae pale olivaceous with a 
sub-apical blackish suffusion. Dorsal plates very indistinct with the shape of a 
hollow cone. 16-00 mm. 

Adult. (Pl. I, fig. 9.) General coloration of both sexes piceous. Posterior lobe 
of pronotum somewhat paler or reddish piceous. Abdomen with a pale yellowish 
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sub-median spot on each segment of connexivum; dorsal surface, except connexi- 
vum, red. Corium and membrane stramineous; corium infumate along external 
apical margin and with a securiform dark fuscous spot medially apically, extending 
into external cell of membrane; clavus with fuscous suffusion. Both cells of 
membrane with suffused fuscous spots apically; membrane also with faint 
suffused infumate areas. Wings infumate. Head and thorax with fine, 
recumbent and tomentose pale fulvous setae. Legs with short, recumbent pale 
fulvous setae and sub-erect moderately long piceous setae. Coloration in this 
species is constant except for some variability in the intensity and shape of the 
hemelytral spot. 


Petalochirus variegatus Pal. Beauvois. 
Petalocheirus variegatus Palisot de Beauvois, 1805, Ins. p. 13, Hem. pl. 1, fig. 1. 
Only recorded from Bulawayo. 


Petalochirus sp. l. ; 
5th instar (fig. 48). <A larva in this instar which closely resembled that of P. 
umbrosus was found under a log (May). When discovered it had no grains of soil 
adhering to the glandular setae, but when examined a few hours later it had 
accumulated a quantity of soil particles on its body. 


i Fig. 4. 


Petalochirus sp. 2. A.B.C. Ova, D. Ist instar larva. P.sp 1. E. 5th instar larva, 


This larva differs from the larva in the same instar of P. wmrrosus in its somewhat 
smaller size and in having the basal antennal segments and also the femora and 
tibiae thicker, wider hemelytral rudiments, thicker and less acute tubercles on the 
pronotum and wider and deeper transverse ‘sulcus on the head. The coloration 
is paler and the femoral annulations darker. 13-00 mm. NA 

It died before reaching the adult stage. 
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Petalochirus sp. 2. 


A female captured among rough grass and herbage (Feb.). It closely resembles 
P. umbrosus but differs in its smaller size and in the shape of the anterior tibiae, 
the more acute spines and prosternal projections. The coloration of the hemelytra 
paler than in wmbrosus and the fuscous spots are smaller. 

This female deposited about fifty ova in three lots, scattering them over the 
soil in the breeding jar. 

Ovum (fig. 4 4, B, c). Closely resembles that of P. umbrosus. 

lst instar (fig. 4D). Antennae and legs pale piceous. Nota and prosternum 
reddish piceous ; meso- and metasternum testaceous with ferruginous suffusion. 
Abdomen dorsally testaceous with irregular transverse dark ferruginous suffusion ; 
ventrally testaceous with suffused ferruginous spots and a median longitudinal 
ferruginous stripe. Head and body with sparse glandular setae; prosternal 
furrow short and deep; transverse striae perceptible under high magnification. 
3°50 mm. 


Lisarda rhodesiensis Miller. 
Lisarda rhodesiensts Miller, 1950, Proc. zool. Soc. Lond. 120, 208. 
Both larvae and adults of this species have been found among leaf-debris 


between the rocks and kopjies and adults have been captured at light ; Odzi, 
(Sept.—Dec.). 


Fig. 5. 


Lisarda rhodesiensis Miller. A. Ovum. B. Operculum. C. Ist instar larva. D. 4th instar larva. 


A female found among leaf-debris sheltered by an overhanging boulder deposited 
in all seventy-six ova in four days; on the first day, thirty-one, the second day, 
twelve, the third day fifteen, and on the fourth day nineteen. 

The incubation period was twenty-one to twenty-six days. 

Ovum (fig. 5 Aand B). Chorion and operculum dark reddish brown ; differentiated 
portion white ; opercular process testaceous. Sub-spherical ; surface of chorion 
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mostly rugose, remainder minutely reticulate ; differentiated portion finely serrate ; 
operculum in outline sub-pyriform with the narrow end curved downwards feebly ; 
surface reticulate. 0-90 mm. 

lst instar (fig. 5c). Antennae hyaline; segments 2 and 3, base of segment 4 
faintly infumate. Eyes red. Head and thorax, except sterna, blackish. Rostrum 
hyaline. Sterna pale stramineous. Abdomen pale stramineous, faintly reddish 
dorsally, except basally. Legs hyaline; femora apically broadly infumate ; 
tibiae with two moderately broad infumate annulations. Setae whitish. Head 
and thorax dorsally, abdomen dorsally on posterior margin of segments and 
laterally with sparse, spatulate setae, those on abdomen more abundant. Femora 
with low tubercles on upper and lateral surfaces and somewhat thick, sub-recumbent 
setae ; tibiae with more slender, similar setae. Surface of head and thorax minutely 
punctate. Eyes with relatively few facets, convex, prominent. 1-60mm. 4th 
instar (fig. 5 D). 

In both this and the following species there is a certain amount of individual 
colour variation, mainly in respect of the intensity of the connexival spot. 


Lisarda coenosa (Stal). 
Acanthaspis coenosa Stal, 1855, Oefv. Vetensk-Akad. Forh. 12, 39. 


This species has been taken at Sawmills, Hartley, Salisbury, Concession, Rusape, 
Sebungwe and Umtali. 


Lisarda vmitatrix Miller. 
Lisarda imitatriz Miller, 1950, Proc. zool. Soc. Lond. 120, 209. 


A moderately abundant species during the rainy season when both sexes are 
often attracted to light. Some of the females captured deposited fertile ova, but 
a fair number of ova obtained in this way failed to hatch, so may have been infertile ; 
Umtali and Odzi, Sept.—Feb. 1946-1948. 

The ova are deposited singly and are not attached by a glutinous substance. 

Although many larvae were obtained, I was not successful in rearing any beyond 
the Ist instar, mainly because the kind of food which they would accept was not 
known. Seeing that both larvae and adults are found in situations where termites 
abound, workers of a small species, Allodontermes schulzei Silv., were supplied, but 
so far as I was able to judge, were not eaten. 

A moderately large number of ova were deposited, the period during which 
oviposition took place by an individual female being spread over a good many 
days. The incubation period varied considerably and in this particular case was 
from five weeks to five months. 

Ovum (fig. 6 4and B). Dark brown; operculum stramineous ; apex of median 
process whitish. Sub-spherical, flattened at opercular end ; operculum an elliptical 
disc, feebly convex with a short, truncate median process ; chorion rugulose except 
for an oblique area extending from the rounded side and broadening towards the 
concave side, reticulate. 0-70 mm. 

lst instar (fig. 6c). Antennae hyaline; segments 2 and 3, base and apex of 
segment 4 infumate. Eyes red. Head and thorax piceous. Abdomen pale 
stramineous suffused with pale reddish. Legs hyaline; anterior pair faintly 
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infumate ; median and posterior femora faintly infumate with a darker annulation 
medially. Head and thorax with spatulate setae. Femora and tibiae with low, 
rounded tubercles. Stridulatory furrow very narrow. Striae absent. 1.30 mm. 
Adult. (Pl. I, fig. 8.) Closely resembles L. rhodesiensis and may be distinguished 
from it by a careful comparison of the shape of the head, pronotum and genitalia. 


Fig. 6. 


Lisarda imitatrix Miller. A. Ovum. B. Operculum. C. Ist instar larva. 


The fact that I was dealing with two species when attempting to rear larvae, was 
brought to my notice on examining the ova which have obvious differences the 
chief being the shape of the operculum and its median process. 


Ho.opPrizinak. 
Holoptilus nebulosus Stal. 
Holoptilus nebulosus Stal, 1865 Hem. Afr. 3,46. Westwood, 1874, Thesaurus Ent. 193. 


Adult. (Pl. I, fig. 6). Testaceous. Hemelytra translucent, pale greyish 
or brownish white, with blackish or dark brown maculation. Setae mostly greyish 
testaceous, except spatulate setae white and tomentose setae brownish white. 

In general the members of this sub-family are shade-loving insects frequenting 
leaf-debris under trees and, so far as is known, their prey consists mainly, if not 
entirely, of ants. 

Without doubt they are the most bizarre of all the Reduviidae, the wide 
hemelytra and the abundant setae on antennae and legs, particularly, giving them 
the appearance of moths. 

Unfortunately, relatively little is known of their habits and life-cycle, the 
knowledge that has been obtained being confined to observations on one Malaysian 
species. 

Up to the present time only five species belonging to the genera Ptilocerus, 
Holoptilus and Ptilocoris have been recorded from Africa, and of these, one species 
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only, namely Holoptilus nebulosus, has been recorded from Southern Rhodesia 
(Matatra ; Hope Mountain). Records that I have examined of Holoptilus vulpes 
Stal, in Rhodesia, do not make it clear which of the Rhodesias is intended and have 
been omitted from this study. 

The Holoptilinae are notable also for an extraordinary structure situated at 
the base of the abdomen ventrally which is known as a trichome. As has already 
been mentioned (Chapter 2), a fluid is secreted from it, having, it is said, an 
intoxicating effect on ants which may be attracted to it. 

The shape of the trichome which varies naturally according to the species is 
not easy to describe and it can be examined satisfactorily only if the abundant 
setae which cover it are removed. 

It is actually a modification of the 2nd and 3rd segments of the abdomen 
mid-ventrally, in which those segments are greatly swollen and form a protuberance 
with the apex more or less flattened. 

Another notable feature of the Holoptilinae is the setal clothing which is made 
up of more differing types than are usually present in Reduviidae in one individual. 
For example, there are setae with minute serrations of varying lengths from very 
long ones on the antennal segments, particularly the 2nd and on the legs and 
on the abdomen ventrally, and shorter setae of the same type on the basal 
segment of the antennae, the head and on the veins of the corium ; very fine 
setae among the long setae on the Ist and 2nd antennal segments, flat, adpressed, 
spatulate setae of two sizes around the base of the trichome and longer, narrow 
spatulate setae near them. On the apex of the trichome the setae are mostly 
sub-plumose. 

Furthermore, at the base of the head, on the pronotum anteriorly and on the 
pleura and sterna there is a moderately dense covering of tomentose setae. All 
the setae referred to, except the spatulate and tomentose types, arise from low 
tubercles. 


ACANTHASPINAE. | 
Cethera marmorata Miller. 
Cethera marmorata Miller, 1950, Proc. zool. Soc. Lond. 120, 210. 


A larva in the 5th instar found under a log lying in grass (Jan.); Odzi. When 
found, its head and body were covered with fine grains of sand and soil. It fed 
readily on workers of a small species of termite—Allodontermes rhodesiensis Sjést. 
While feeding it appeared to be much alarmed if another termite approached, 
and after it had discarded the body of the termite on which it had fed, it consistently 
avoided any living ones which remained. Two of these termites at a time seemed 
to satisfy this larva. 

5th instar (fig. 7). Antennae, head and thorax, pale piceous. Abdomen dull 
stramineous with two rows of elevated piceous spots sub-dorsally and sub-laterally ; 
lateral abdominal projections piceous. Femora piceous, whitish apically and 
with a sub-apical piceous annulation ; tibiae whitish with apical, median and sub- 
basal piceous annulations ; apical segment of tarsi piceous. 6°00 mm. 

Adult. (PI. III, fig. 14.) 
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Fig. 7. 


Cethera marmorata Miller. 5th instar larva. 


Nothing is known about the habits of this species. The adult has short robust 
spines on the anterior tibiae near the apex, and it may be that it uses them for 
digging. 

Cethera musiva (Germar). 

Macrops musiva Germar, 1837, in Silberman. Rev. 5, 128. 

Salisbury. 

Varus flavoannulatus (Stal). 

Varus flavoannulatus (Stal), 1865, Oefv. Vetensk-Akad. Forh. (Reduvius), 40; Hem. Afr. 1865, 8, 141 ; 
Distant, 1903, Ann. 8S. Afr. Mus. 3, 50; Schouteden, 1910, Sjéstedt’s Kilim. Meru Exped. 146 ; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 194, 

Larvae in the 5th instar were found under the loose bark of living Eucalyptus 
trees (Sept.—Oct.), and adults were taken at light (Nov.) ; Odzi. 

Ovum (fig. 8 A). Pale testaceous ; apically and operculum greyish testaceous, 
operculum narrowly white marginally. Ovate, glabrous. 1-40 mm. 

5th instar (fig. 8B). Antennae brown. Head, thorax piceous; nota whitish 
with irregular dark piceous areas ; rudimentary hemelytra whitish with irregular 
black suffusion in basal half ; abdomen dorsally greyish with a black and a white 
spot mid-dorsally basally, six large black, chitinized spots sub-dorsally, four 
smaller and five still smaller black spots sub-laterally ; connexivum pale pink or 
almost white with quadrate black spots ; segments 7 and 8 with a large, whitish 
trapezoidal spot ; remainder of segment 8, segment 9 shining black; abdomen 
ventrally with ten small black spots sub-laterally, five large black spots on each 
side of mid-venter and three small black spots mid-ventrally ; segments 8 and 9 
with trapezoidal, elevated black spots. Femora whitish, strongly suffused with 
piceous ; median and posterior tibiae with two whitish annulations ; tarsi whitish ; 
apical segment suffused with piceous apically. 18-8 mm. 
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Adult. (Pl. I, fig. 2.) Basal segment of antennae piceous ; remaining segments 
stramineous infumate ; segment 2 suffused with piceous basally. Eyes black. 
Head light brown, darker anteriorly. Thorax piceous with the lateral projections 
on collar, two broad diagonal spots on anterior lobe, a large spot near postero- 
lateral angles of posterior lobe, dull yellow. Corium piceous with a sub-basal and 


Varus flavoannulatus (Stal). A. Ovum. B. 5th instar larva. 


a large median spot whitish ; membrane infumate, paler apically ; wings hyaline 
faintly infumate and iridescent. Abdomen piceous ; connexivum pale yellow. 
Legs pale yellow ; anterior and median tibiae with a median and apical piceous 
annulation ; posterior tibiae with basal, median and apical brown suffusion ; femora 
with piceous suffusion and interrupted piceous annulations ; median and apical 
segments of anterior and median tarsi. Apical segment of posterior tarsi suffused 
with piceous. | : 

No information was obtained regarding the food of this species. In captivity 
a female fed on a Clerid beetle. 


Gnistus varius Walker. 

Gnistus varius Walker, 1873, Cat. Het. Brit. Mus. 7,190; Varus varius Distant, 1902, Ann. Mag. 
nat. Hist (7) 10, 182; Distant, 1903, Ann. S. Afr. Mus. 3, 44; Schouteden, 1932, Ann. Mus. 
Congo Belge Zool. (3) Sect. 2, 1, 125. 

Males and females captured at light (Sept.-Oct.) One female captured in this 
manner deposited in six days 51 ova, most of which loosely among debris in rearing 
jar and one in a crevice in a piece of Hucalyptus bark ; Bulawayo, Khami, Salisbury 


and Odzi. 
42 
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Ovum (fig. 9). Light brown, darker at apical margin of chorion ; differentiated 
portion of chorion whitish brown ; operculum white ; ovate, glabrous ; surface 
of chorion feebly punctate striate ; upper surface of operculum with many short, 
slender filaments ; upper margin of differentiated portion of chorion finely serrate. 
1-30 mm. 

All the ova were infertile. 

Adult. (PI. II, fig. 5.) Basal segment of antennae piceous, narrowly pale yellow 
basally ; remaining segments infumate ; segment 2 suffused with pale yellow 
basally. Eyes black. Head whitish yellow with a spot at base and apex of tylus, 
a median elongate spot between eyes, an elongate broad stripe on postocular, 
apex of ventral surface, an irregular spot ventro-laterally in front and behind eyes, 
piceous ; apical segment of rostrum piceous ; basal segment whitish yellow with a 
piceous spot apically laterally. Pronotum whitish yellow with a small spot apically 
on anterior lateral projections, a diagonal spot sub-dorsally from collar to about 


Fig. 9. 


Gnistus varius Walker. Ovum. 


the middle of lobe, a small median lateral spot and three spots basally piceous ; 
posterior lobe with a sub-triangular spot laterally and two large elongate quadrate 
spots sub-dorsally piceous ; propleura with a large irregular piceous spot ; scutellum 
piceous with an ill-defined whitish spot at base of spine ; acetabula whitish yellow ; 
mesopleura with two, metapleura with one whitish yellow spot ; sternites whitish 
yellow ; stridulatory furrow piceous. Abdomen dorsally pale testaceous ; con- 
nexivum whitish yellow with five quadrate black spots; ventrally black, except 
segment 9 suffused with whitish yellow; segment 2, segment 3 laterally and 
ventrally, segment 4 mid-ventrally whitish yellow. Corium whitish yellow with 
the apex and an irregular transverse median spot piceous ; membrane infumate, 
darker basally ; venation pale. Legs whitish yellow ; anterior and median tibiae 
with a sub-basal, median and apical piceous annulation ; posterior tibiae with a 
sub-basal piceous annulation, an indefinite brown annulation in basal half ; suffused 
with brown apically ; anterior and median femora with an apical and median 
interrupted piceous annulation ; posterior femora with apex and a broad annulation 
in apical half piceous ; tarsi brownish yellow. Setae dark fulvous. 


Reduvius tarsatus Germar. 


Reduvius tarsatus Germar, 1837, in Silberm. Rev. ent. 5, 131 ; Reuter, 1892, Acta Soc. Sct. fenn. 19, 10 ; 
Distant, 1903, Ann. S. Afr. Mus. 3, 50; Hesse, 1925, Ann. S. Afr. Mus. 28, 106 ; Schumacher, 
1928, Denkschr. med. naturw. Ges. Jena, 5, 80. 

All the specimens which I obtained were attracted to light during the months 

October to February. Some of them had mites attached to head and sternites. 
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Females caught in this manner oviposited freely, the ova being deposited singly 
among the soil in the rearing cages; Salisbury, Sawmills, Bulawayo and Odzi. 

Ovum (fig. 12 4). Brownish yellow ; differentiated portion of chorion whitish ; 
operculum brownish. Ovate, glabrous, minutely reticulate apically ; remainder 
with irregular carinulae ; differentiated portion of chorion very narrow ; operculum 
a circular disc, shallowly concavo-convex ; lower surface smooth ; upper surface 
minutely reticulate, punctate; differentiated portion moderately wide, feebly 
reticulate. 1-30 mm. 

lst wnstar (fig. 12 B). Eyes dark red. Antennae, head and thorax infumate. 
Abdomen and legs stramineous. 

3rd instar. Basal segment of antennae yellowish ; remaining segments piceous. 
Head, except rostrum, pronotum, piceous ; rostrum yellowish infumate ; postocular 
paler than remainder of head. Eyes dull brown. Nota whitish or brownish white 
laterally. Abdomen stramineous with transverse infumate stripes dorsally and 
ventrally. Femora dull yellowish infumate with a narrow apical and median 
darker infumate annulation, the margin of which suffused ; tibiae dull yellowish 
infumate. Segments 2—6 of abdomen with a small, sub-triangular black spot 
laterally. 5-20 mm. 

4th wmstar (fig. 120). Eyes dark red. Antennae, head and thorax piceous ; 
rudimentary hemelytra basally laterally whitish. Legs pale brownish yellow ; 
femora apically and with a broad median annulation piceous. Abdomen stra- 
mineous, strongly infumate, except segment 1 and apical margins of segments 
narrowly pale stramineous ; segments 2-6 laterally with small black subquadrate 
elevated spots ; mid-ventrally with a small brownish spot on segments 3-5 and a 
large brownish spot on segment 6. Meso- and metasterna with a median white 
carina widening at posterior margin of metasternum whence a diagonal white 
carina extends to mid-coxal cavity. Head with abundant minute setigerous 
tubercles. Apertures of dorsal glands very indistinct even under high magnifica- 
tion, situated on segments 3—5. Stridulatory furrow with distinct striae and 
apparently functional. 10.00 mm. 

5th instar (fig. 12D). Similar in coloration to 4th instar. Pronotum dorsally 
with piceous stripes, one V-shaped sub-dorsally, one diagonal laterally and six 
wide, sub-quadrate piceous spots basally. Eyes pale stramineous with reddish 
suffusion. The colour becomes very much darker some days after ecdysis. 
Rudimentary hemelytra extend to 3rd-abdominal segment. 12-00 mm. 

Adult. (Pl. Il, fig. 1.) Basal segment of antennae piceous ; segment 2 dark 
brown suffused with piceous apically; segments 3 and 4 stramineous. Eyes 
black. Clypeus and vertex black ; base of head piceous. Thorax, except scutellum, 
black ; scutellum piceous. Corium piceous or blackish ; membrane dark infumate ; 
wings pale stramineous faintly infumate and iridescent. Abdomen dorsally dark 
brownish yellow, suffused with piceous ; ventrally piceous with a dark yellow spot 
on segments 2—6 laterally. Tarsi pale brownish yellow ; anterior tibiae piceous ; 
median and posterior tibiae brownish yellow; femora yellow; anterior and 
median femora apically and with a wide, somewhat suffused, sub-median piceous 
annulation ; posterior femora apically and with a sub-apical, interrupted annula- 
tion, piceous; coxae piceous; tarsal claws brown. Setae on head and body 


piceous, on legs pale fulvous. 


578 N. C. E. MILLER: NOTES ON THE 


Reduvius annulatus Stal. | 
Reduvius annulatus Stal, 1855, Oefv. Vetensk-Akad. Forh. 188, 4; 1865, Hem. Afr. 3, 139; 1874, 
Enum. Hem. 4, 778, (Opsicoetus) ; Walker, Cat. Hem. Brit. Mus. 7, 187-188; Reuter, 1892, 
Acta Soc. Sci. fenn. 19, No. 15, 14; Schouteden, 1931, Ann. Mus. Congo Belge Zool. (3) Sect.2, 
1, 126; 1943, Rev. Zool. Bot. afr. 37, 328; octomaculatus; Reuter, 1881, Acta Soc. Sei. 
fenn. 12, 332 (Opsicoetus) ; Villiers, 1948, Faune Emp. franc. 9, 270. 

Males and females of this species were captured when attracted to artificial light 
and one female was found on the floor of an outhouse. (Oct.—Dec.). This 
species, in common with some other species of Reduvius lives in concealment during 
the daytime and also covers itself with dust and grains of soil. The larvae have 
this habit also, and if deprived of the requisite material to cover themselves will, 
when such material is made available, not delay in throwing it up with their legs 
on to the body and antennae. Sawmills, Salisbury, Mazoe and QOdzi. 


Fig. 10. 


aves 


Reduvius annulatus Stal. A. Ovum. B. Ist instar larva. 


In the laboratory, adults and larvae were fed on houseflies and workers of the 
termite Allodontermes schulizei Silv. 

The ova were deposited singly with a small quantity of glutinous substance 
to which grains of soil soon became attached. This is the second case which has 
come to my notice of a representative of the Acanthaspinae secreting a glutinous 
substance when ovipositing. 

The incubation period of the ova was twenty days. 

Ovum (fig. 104). Brownish yellow; operculum brownish yellow with a 
moderately wide greyish margin. Ovate; surface of chorion minutely reticulate. 
1-20 mm. 

lst instar. Eyes dark red. Abdomen, head, legs whitish infumate. Head and 
thorax darker. 

2nd instar (fig. 10 B). Similar in coloration to Ist instar, but head and thorax 
- darker. Segments 1 and 2 of antennae relatively thick; segment 3 slender ; 
segment 4 filiform. Antennae much longer than body. Transverse suture on 


/ 
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head angulate medially and crossing head in front of eyes ; vertex between antennae 
somewhat swollen. Eyes small and composed of few facets. 

4th instar. Segment 1 and 2 of antennae, head, thorax shining piceous ; rudi- 
mentary hemelytra testaceous. Segments 3 and 4 of antennae stramineous, 
-infumate. Eyes dark red. Head with a testaceous spot below eyes. Abdomen 
stramineous with infumate suffusion ; connexivum with five triangular spots and 
segments 8 and 9 shining piceous. Femora pale piceous with testaceous annulation 
sub-apically ; tibiae and tarsi stramineous infumate. 5-50 mm. 

Adult. (Pl. ITI, fig. 5.) Basal segment of antennae piceous ; segment 2 brown 
suffused with piceous basally and apically; apical segments blackish. Eyes 
black. Head and thorax piceous ; posterior lobe of pronotum with large, some- 
what indefinite dull yellow spots anteriorly. Abdomen ventrally piceous ; 
mid-ventral carina paler ; connexivum pale yellow with six quadrate black spots ; 
dorsally brownish yellow. Corium dull blackish brown with pale yellow spots ; 
venation pale testaceous; membrane infumate with a yellow spot at base of 
internal cell and between cell and inner margin ; basal part of venation of internal 
cell dull yellow ; wings faintly infumate. Legs pale yellow; tibiae suffused with 
piceous basally and apically ; femora narrowly piceous apically and with a wide 
incomplete piceous annulation in apical half; tarsi brown. Setae and pubescence 
pale fulvous. 

: Reduvius appetens Miller. 
Reduvius appetens Miller, 1950, Entomologist, 84, 7-8. 

Males and females captured at light (Nov.—Dec.) ; Odzi. 

Ten ova were obtained from one female. These were deposited singly with 
a small quantity of glutinous substance to which grains of sand adhered. 


Fig. 11. 


Reduvius appetens Miller. Ovum, 


Ovum (fig. 11). Dark brown; differentiated portion of chorion white; oper- 
culum dark brown. Cylindrical, rounded basally and feebly narrowed towards 
apex; glabrous; differentiated portion of chorion very narrow. 1:30 mm. 

lst instar. General coloration pale stramineous. Head, thorax and legs 
somewhat infumate. Dorsal plates not visible. Legs and antennae strongly 


setose. 1:50 mm. 
Adult. (PI. I, fig. 10.) 
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Reduvius agilis sp. nov. 

One male and female captured at light (Dec.—Jan.) ; Odzi. No ova were 
obtained. 

Adult. (Pl. I, fig. 11.) Segments 1 and 2 of antennae piceous; remaining 
segments pale stramineous. Eyes black. Head and pronotum piceous. Abdomen 
dorsally, connexivum and mid-ventrally brownish yellow; rest of abdomen 
ventrally piceous. Corium hyaline, pale yellow, suffused with piceous on clavus 
medially and part of costal area; membrane hyaline; venation piceous with an 
elongate suffused spot along inner margin of external vein of external cell and a 
sub-apical spot dark infumate. Wings hyaline, faintly iridescent, venation 
brown. Legs brownish yellow. Setae on head and body piceous, on legs, pale 
fulvous. This species is closely allied to R. bitumineus Hesse, 1925, Ann. S. Afr. 
Mus. 25, 102. Full description in press. 


Fig. 12. 


Reduvius tarsatus Germar. A. Ovum. B. lst instar larva. C. 4th instar larva. D. 5th instar larva. 
E. Reduvius necatorius Miller. Ovum. 


| 
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Reduvius necatorius Miller. 
Reduvius necatorius Miller, 1950, Proc. zool. Soc. Lond. 120, 216. 
Males and females captured at light (Nov.—Jan.) ; Odzi. 
Several ova obtained were deposited singly among loose soil and vegetable debris. 
Ovum (fig. 128). Light brown with a faint coppery lustre, darker apically ;. 
differentiated portion of chorion and of operculum white ; remainder of operculum 
dark brown. Elliptical, glabrous ; surface of chorion minutely reticulate. 1-20 mm. 
There is a close resemblance between the ovum of this species and that of 
hk. tarsatus. It differs in being smaller and in having the operculum less convex 
and the differentiated portion of the chorion narrower. Adults in captivity fed 
readily on Calliphoridae and Muscidae. 


Trichedocla quadrisignata (Stal). 
Acanthaspis quadrisignata Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 39. 
Sawmills, Hartley, Salisbury. 


Trichedocla nigra Miller. 
Trichedocla nigra Miller, 1950, Proc. zool. Soc. Lond. 120, 214. 


A moderately abundant species, the males only of which have been captured. 
All of these, with the exception of one found trapped in a spider’s web, were 
attracted to light (Nov.—Dec.). The females of other known species are apterous. 
and differ from the males very considerably. It is probable that they pass most 
of their existence in concealment ; Odzi. 


Trichedocla umtaliensis Miller. 
Trichedocla umtaliensis Miller, 1950, Proc. zool. Soc. Lond. 120, 215. 


This species (Pl. III, fig. 1) does not appear to be so abundant as the species. 
just referred to. Males were taken in the daytime in the open and were also taken 
at light (Nov.—Dec.) ; Umtali, Odzi. 


Edocla vicina Miller. 
Edocla vicina Miller,. 1950, Proc. zool. Soc. Lond. 120, 211. 


All larvae and forms of both males and females have been taken. Most of 
these were found under logs or in the soil, but adults and larvae have also been 
captured in the daytime on grass-stems ; Umtali, Odzi, Zimbabwe. 

Ova obtained were deposited singly in small batches. The incubation period 
was ten days. _ 

Ovum (fig. 134). Dark brown; differentiated portion of chorion whitish. 
Cylindrical, broadly rounded basally and somewhat narrowed towards apex 3. 
surface of chorion shagreened and with a dull shine. Operculum a circular disc 
with low, rounded elevations arranged in irregular rows and with a small depression 
on each on upper surface. 1:50 mm. 

Ist instar (fig. 13 B). Piceous; abdomen red. Dorsal plates indicated by small, 
sub-circular sclerotized areas bearing long setae ; abdomen laterally with groups. 
of moderately long setae on lateral projections. 1-70 mm. 
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The larvae in this instar were given adult Drosophilidae but they did-not feed 
on them and eventually died. Larvae in the 5th instar, however, which were 
captured in the field accepted worker termites. 

Adult. (Pl. III, fig. 4.) 


Edocla vicina Miller. A. Ovum. B. Ist instar larva. 


Edocla suffusa Miller. 
Edocla suffusa Miller, 1950, Proc. zool. Soc. Lond. 120, 213. 


One alate male taken at light, and a female reared from a 5th instar larva found 
under the bark of a dead tree; Odzi. 


Ectmetacanthus annulipes Reuter. 

Ectmetacanthus annulipes Reuter, 1882, Wiener Ent. Ztg. 1, 111; Jeannel, 1919, Résult. sci. Voy. 
Alluaud et Jeann. Afr. or. (Hem.), 212; Schouteden, 1931, Ann. Mus. Congo Belge, Zool. (3) 
Sect. 2, 1, 128; Villiers, 1948, Faune Emp. franc. 9, 291. 

Males taken running on bare soil (Jan.), and also with females under logs (June, 
Sept.) ; Odzi, Umtali. Under the logs, termites, probably Allodontermes. schulzei 
were sometimes present. The ova are deposited singly. 

Ovum (fig. 14). Chorion whitish, apically faintly brown; operculum white. 
Cylindrical somewhat narrower towards apex; surface of chorion minutely 
reticulate, feebly glabrous. 1-00 mm. 

Adult. (Pl. ITI, fig. 2.) Antennae dark brown; segment 1 with a yellowish 
annulation basally. Eyes black. Head and thorax dark piceous; head with a 
somewhat indistinct dark yellowish suffusion on vertex basally. Posterior lobe 
of pronotum medially and sub-laterally with indistinct dull yellow suffusion. 
Scutellar spines dark brown. Hemelytra black with a dull yellow suffusion and 
an irregular blackish spot in suffusion basally. Wings abortive. Abdomen black, 
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with six whitish spots. Legs black; femora basally and narrowly sub-apically 
pale yellow ; tibiae with a yellow annulation in basal and apical half. Setae- 
piceous. | 

\ ; Fig. 14. 


Ectmetacanthus annulipes Reuter. Ovum. 


Acanthaspis curvidens Distant. 
Acanthaspis curvidens Distant, 1903, Ann. S. Afr. Mus. 3, 52. 

Females of this species have been captured at light, but no ova were obtained ; 
Salisbury, Odzi, Bulawayo. 

Adult. (PI. II, fig. 4.) Brownish yellow ; apex of scutellar spine darker. Eyes 
black ; ocelli reddish. Corium black, suffused with dull yellow basally ; membrane 
dark infumate. Wings faintly infumate, iridescent. Abdomen piceous, except 
apical segments light brown; connexivum pale yellow, faintly infumate. Setae 
piceous ; setae on tibiae apically pale fulvous. 


Acanthaspis obscura Stal. 


Acanthaspis obscura Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 39 ; 1865, Hem. Afr. 3, 130; Distant, 
1903, Ann. S. Afr. Mus. 3, 44; Schouteden, 1910, Sjéstedt’s Kilim. Meru Exped. 146; Jeannel, 
1919, Résult. sci. Voy. Alluwaud et Jeann. Afr. or. (Hem.) 216; Hesse, 1925, Ann. S. Afr. Mus. 
23, 108; Schouteden, 1931, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 131; Villiers, 1948, 
Faune Emp. frang. 9, 302. 

Larvae in the 5th instar have been found under logs and bark of dead trees. 
When found, these larvae were completely covered with grains of soil and were 
very difficult to see until they moved. In the laboratory they fed on workers of 
Allodontermes schultzei Silvestri ; Bulawayo, Odzi. 

Both males and females are attracted to artificial light and ova have been 
obtained from females captured in this manner. The ova are deposited singly 
with a small amount of glutinous substance. 

Ovum (fig. 15 4). Dark testaceous, narrowly suffused with dark brown apically ; 
differentiated portion of chorion testaceous ; upper surface of operculum black 
with a central group and scattered white filaments; margin testaceous. Cylindrical, 
somewhat abruptly constricted apically ; surface of chorion finely shagreened ; 
operculum a circular disc, smooth and concave on lower surface ; upper surface 
minutely reticulate and with a number of short, alveolate elevations, particularly 
medially. 1-:70mm. Incubation period thirty-four days. 

lst instar (fig. 15 B). Antennae, head, thorax and legs pale piceous. Hyes and 
abdomen light red, except dorsal and ventral plates on segments 8 and 9 piceous. 


1-70 mm. 
4a2 
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Larvae in the Ist instar also accumulate particles of soil. When suddenly 
disturbed they feign death. 

The odour from the thoracic glands of the adults is very pungent and their bite 
is painful, resulting in irritation which persists for at least three days. 


Acanthaspis obscura Stal. A. Ovum. B. Ist instar larva. 


Adult. (Pl. TU, fig. 10.) Black. Basal spot on corium whitish yellow ; median 
spot white ; apical spot on membrane whitish yellow, faintly infumate. Connexival 
spots white. Spines at postero-lateral angles of pronotum yellow. 


Acanthaspis lurco Stal. 
Acanthaspis lurco Stal, 1863, Ann. ent. Soc. Fr. (4) 3, 51; Distant, 1903, Ann. S. Afr. Mus. 3, 44; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 222. 

Males only captured at light (Nov.—Dec.) ; Odzi. 

Adult. (Pl. II, fig. 6.) Head, basal segment of antennae, nota, scutellum, 
brownish yellow ; segment 2 of antennae light brown; segments 3 and 4 stra- 
mineous. Eyes black. Abdomen brown, apical segments paler. Corium and 
membrane black ; spot on corium dark yellow. Legs yellow. 


Acanthaspis vidua Stal. 

Acanthaspis vidua Stal, 1859, Oefv. Vetensk-Akad. Férh. 16, 188; 1865, Hem. Afr. 38,129; Walker, 
1873, Cat. Hem. Brit. Mus. 7, 168-9; Reuter, 1881, Acta Soc. Sci. fenn. 12, 327; Jeannel, 1919, 
Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 219; Villiers, 1948, Faune, Emp. Meo 300. 

One male captured at light ; Odzi. 
Adult. (Pl. IW, fig. 8.) Black. Corium with a basal and median apical whitish 
spot. Connexivum with five white spots. 
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Khafra ugandica Schouteden. 
_ Khafra ugandica Schouteden, 1909, Ann. Soc. ent. Belge, 58, 411; Jeannel, 1919, Résult. sci. Voy. 
Alluaud et Jeann. Afr. or. (Hem.), 235. 
Males only of this species have been captured at light (Nov.—Dec.) ; Odzi. 
Adult. (PIII, fig. 3.) Head, anterior lobe of pronotum, except collar, scutellum, 
brownish yellow; posterior lobe of pronotum, hemelytra, black. Connexivum 
black in basal half, pale yellow with a faint reddish suffusion in apical half. Eyes 
black. Legs dark yellow; femora with interrupted black annulations in apical 
half; segments 1 and 2 of antennae blackish with a faint yellowish suffusion ; 
segments 3 and 4 stramineous, infumate. 
The odour from the thoracic glands pungent. 


Phonergates bicoloripes (Stal). 
Clapophora bicoloripes Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 40. 
Bulawayo, Salisbury, Shangani, Gatooma, Chishawasha. 


Phonergates basilicus (Stal). 
Phonergates basilicus (Stal), 1855, Oefv. Vetensk-Akad. Férh. (Clopophora) 12, 40; 1865, Hem. Afr. 3, 
137 ; Distant, 1903, Ann. S. Afr. Mus. 3, 44; Hesse, 1925, Ann. S. Afr. Mus. 23, 109. 
A female found on the trunk of a Terminalia sericea deposited a few ova in 
loose soil in rearing jar (Jan.); Bulawayo, Sawmills, Victoria Falls, Gatooma, 
Mafungabusi, Hartley, Odzi. 


Fig. 16. 


Phonergates basilicus (Stal). A. Ovum. B. Ist instar larva. 


Ovum (fig. 16 4). Chorion brownish yellow with the apical margin narrowly 
brown; differentiated portion of chorion white; operculum purplish white. 
Ovate, glabrous ; operculum a circular convex disc with the upper surface finely 
rugulose. 1:50 mm. 
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lst instar (fig. 16 B). Antennae, except apical segment, head, thorax and legs: 
pale piceous ; femora apically, tibiae basally faintly suffused with pink. Abdomen 
pale scarlet ; tubercles piceous. Apical segment of antennae whitish, narrowly 
black basally. Antennae, head and legs with many setigerous tubercles ; segment 8: 
of abdomen with an oblong sclerotized plate. Ostioles of abdominal glands very 
indistinct, represented by a narrow, elongate slit on segments 3, 4 and 5. Striae 
in prosternal furrow present. 2-70 mm. 

Adult. (Pl. ITI, fig. 7.) Antennae piceous. Head, body and legs reddish. 
Coxae, base and apex of femora, tibiae, tarsi, a sub-dorsal spot anteriorly on posterior 
lobe of pronotum, apex, transverse stripes and suffused lateral spots on abdomen 
ventrally, scutellum, hemelytra black. Abdomen dorsally black. Wings faintly 
infumate. 


Phonergates concoloripes Reuter. 


Phonergates concoloripes Reuter, 1883, Acta Soc. Sci. fenn. 12; Distant, 1903, Ann. S. Afr. Mus. 3, 
44, Hesse, 1925, Ann. S. Afr. Mus. 28, 109. 

A striking species which does not appear to be abundant; Bulawayo, 
Salisbury. 

Adult. (Pl. Il, fig. 7.) Antennae, eyes piceous. Head and body dark metallic 
blue or lighter metallic blue. Hemelytra dull black. Wings dark infumate. 
Tarsi dark brown. Femora and tibiae piceous with a metallic blue lustre. Fossula 
spongiosa fulvous. Setae piceous. 


Plynoides elegans Miller. 
Plynoides elegans Miller, 1950, Proc. zool. Soc. Lond. 120, 218. 


A male captured at light (Jan.); Odzi. It had many small gamasid mites. 
attached to it. 
Adult. (Pl. III, fig. 9.) 


Platymeris rhadamanthus Gerstaecker. 


Platymeris rhadamanthus Gerstaecker, 1873, in Decken’s Reisen Ost-Africa 8, (2) 419; Distant, 1878, 
syn P. confusa, Ent. month. Mag. 15, 100; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. 
Afr. or. (Hem.) 237-8 ; Hesse, 1925, Ann. S. Afr. Mus. 23, 109 ; Schouteden, 1910, in Sjéstedt’s: 
Kilim. Meru Exped. 2, no. 12, 146; Villiers, 1948, Faune Emp. frang. 9, 329. 

This striking species appears to live mainly in secluded and rather damp spots 
among vegetable debris. It is noted for the extreme severity of its bite. Nothing 
is known of its feeding habits ; Bulawayo. 

Adult. Black or piceous with a large sub-circular red spot on corium medially. 
Anterior and median femora red with base and apex narrowly black; posterior: 
femora black with a wide red annulation in apical half. 


Cyclopocoris dilutus Miller. 
Cyclopocoris dilutus Miller, 1950, Proc. zool. Soc. Lond. 120, 217. 


Males and females captured at light (Nov.—Dec.) ; Odzi. No ova were obtained.. 
Aduli. (Pl. III, fig. 3.) 
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PIRATINAE. 


Pirates (Lestomerus) rendalli Distant. 
Pirates rendalli Distant, 1903, Ann. 8. Afr. Mus. 3, 55; Schouteden, 1932, Ann. Mus. Congo Belge 
Zool. (3) Sect. 2, 1, 145. 
Males only taken at light (Nov.) ; Odzi. 
Adult. Black. Head, pronotum and scutellum shining with a greenish lustre. 
Corium dull. Apex of rostrum brown. 


Pirates (Lestomerus) montivagus Distant. 
Pirates montivagus Distant, 1911, Ann. S. Afr. Mus. 10, 48. 


Males only taken at light ; Chirinda Forest, Springvale, Odzi. 
Adult. Shining black; anteocular dull black. Antennae piceous. Membrane 
dark infumate. 


Pirates (Lestomerus) aenicollis Schaum. 


Pirates aenicollis Schaum, 1853, Berl. Akad. Berl. 1858, 358; Peters, 1862, Reise Mossamb. 5, Ins. 
(Lestomerus) 47; Distant, 1903, Ann. S. Afr. Mus. 8, 44. 

A male captured at light (Nov.) ; Salisbury, Bulawayo, Odzi. 

Adult. (Pl. III, fig. 6.) Eyes black. Head and thorax black with a bronzy- 
green lustre. Hemelytra dull black. Pleura, sterna, abdomen black. Antennae 
piceous. Legs pale yellow; tibiae and femora apically, tarsi dark brown. The 
bite of this species is painful. 


Pirates (Cleptocoris) conspurcatus Distant. 
Pirates conspurcatus Distant, 1892, Nat. in Transvaal 255. 


Males captured at light (Dec. Feb.), and on one occasion a male was found 
enmeshed in a spiders web; Bulawayo, Khami, Salisbury, Odzi. 

Adult. (Pl. III, fig. 13.) Antennae, head and thorax black. Abdomen brown ; 
connexivum dull reddish with a faint infumate suffusion. Corium greyish piceous 
with a reddish yellow, elongate median, longitudinal stripe narrowed at apex ; 
membrane with a black spot at base and a black suffusion at apex of internal cell 
and the centre area. The bite of this species is very painful. 


Pirates (Cleptocoris) macilentus Miller. 
Pirates (Cleptocoris) macilentus Miller, 1950, Proc. zool. Soc. Lond. 120, 223. 
Adult. (PI. IV, fig. 3.) Selukwe, Nov. 1945, at light. 


Pirates (Clepiocoris) lugubris Stal. 

Pirates lugubris Stal, 1858, Oefv. Vetensk-Akad. Férh. 15, 318; 1865, Hem. Afr. 118; 1881, Reuter, 
Acta Soc. Sci. fenn. 12, 147; Distant, 1903, Ann. S. Afr. Mus. 3, 44; Schouteden, 1910, in 
Sjéstedt’s Kilim. Meru Exped. 2, no. 12, 147; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. 
Afr. or. (Hem.), 249; Hesse, 1925, Ann. S. Afr. Mus. 23, 111; Schumacher, 1928, Denkschr. 
med.-naturw. Ges. Jena 5,78; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 145. 


Males and females captured at light (Nov.—Feb.); Salisbury, Bulawayo, 
Sawmills, Odzi. 
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A few ova were obtained. These were deposited singly and placed in soil, by 
which they were covered except for the filamentous chorionic processes which 
projected above the level. Four days after deposition, the chorionic processes. 
which, hitherto, were close together, expanded outwards. 

Ovum (fig. 17 4). Chorion pale olivaceous or greyish green with a dark brown 
annulation with greenish grey lower margin, apically. Chorionic processes 
greenish grey. Cylindrical, feebly curved towards apex ; upper margin of chorion 
with long filaments ; surface of chorion glabrous, minutely reticulate ; operculum 
with a cylindrica] median process, constricted basally. 1-60 mm. 

lst imstar (fig. 17 8B). Antennae, head, thorax, dorsal plates, legs plow 
abdomen light red. 1-70 mm. 

Larvae in this instar were fed on Eee ex of Allodontermes schultzei. 


Fig. 17. 


Pirates (Cleptocoris) lugubris Stal. A. Ova. B. Ist instar larva. 


Adult. (PI. IV, fig. 1.) Antennae piceous Head, body and legs black. Clavus 
and disc of corium fuscous ; outer area black; median vein and basal vein of 
internal cell of membrane reddish ; membrane dark infumate with a dark fuscous. 
spot at base of internal cell; connexivum with a small, dark yellow spot at apex 
of each segment. Pubescence pale fulvous; setae piceous. 


Pirates (Cleptocoris) nitidicollis Reuter. 

Pirates nitidicollis Reuter, 1881, Acta Soc. Sci. fenn. 12, 44; Schouteden, 1932, Ann. Mus. Congo 
Belge Zool. (3) Sect. 2, 1,145; 1944, Haplor. Pare nat. Albert Miss. de Witte Fase. 21; Villiers, 
1948, Faune Emp. franc. 9, 235. ; 

A male captured at light (Nov.) ; Salisbury, Odzi. 
Adult. (Pl. IV, fig. 7.) Head and thorax black. Abdomen piceous ; connexi- 
vum testaceous. Corium brown or reddish brown with a spot on clavus, an 
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elongate spot along inner margin of median vein fuscous ; area between this spot 
and claval suture greyish; membrane ‘infumate; both cells fuscous; internal 
cell with a whitish, transverse stripe sub-basally, this stripe continuing almost 
to margin of membrane. 


Pirates (Cleptocoris) areatus Miller. 
Pirates (Cleptocoris) areatus Miller, 1950, Proc. zool. Soc. Lond. 120, 222. 
A male captured at light (Dec.) ; Odzi. 
Adult. (Pl. IV, fig. 2.) 


Fusius rubricosus Stal. 

Fusius rubricosus Stal, 1855, Oefv. Vetensk-Akad. Férh. (Pirates) 12, 38 ; 1862, Stett. Ent. Ztg. 23, 458 ; 
1865, Hem. Afr. 3, 115; (Fusius) : 1874, Enum. Hem. Pt. 4, (Pirates, sub-gen.) 57; Walker, 
1873, Cat. Hem. Het. Brit. Mus. 7 (Pirates), 109 and 111; Distant, 1903, Ann. S. Afr. Mus. 3, 
(Pirates) 44; Jeanne], 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 251 ; Schouteden, 
1932, Ann. Mus. Congo Belge, Zool. (3) Sect. 2,1, 145; 1944, Haplor. Parc nat. Albert Miss. de 
Witte Fasc. 45, 21; Pirates basicollis Signoret, 1858, in Thomson Arch. Ent. 2, 310; Fusius 
rubricosus Villiers, 1948, Faune Emp. franc. 9, 237. 

Two females captured, one on a grass stem and the other in a mass of cow-dung,. 
the outer crust of which was hard, but the interior soft and moist. The latter 
was preying on the abundant dipterous larvae in the mass. No ova were obtained 
from these females. Adult Drosophilidae were supplied but were not accepted ; 
Odzi, Salisbury, Gatooma. 

The bite of this species is extremely painful. I was bitten by the female which 
I found on a grass stem and apparently other substances were introduced into the 
puncture as well as the saliva, with the result that the effects of the bite were 
probably worse than if the saliva alone had entered the wound. The area around 
the site of puncture on one finger swelled and became dark greyish blue in colour, 
and another finger which was bitten twice became very hard and inflamed, the 
inflammation extending just beyond the wrist. The swelling was caused to subside 
only by opening the septic blister which had formed. 

Adult. (Pl. ITI, fig. 12.) Antennae piceous; eyes black. Head, anterior lobe 
of pronotum, scutellum greenish black; anterior lobe with anterior margin and 
low carinae dull reddish ; posterior lobe of pronotum, corium bright red ; corium 
with an elongate spot on clavus and a median lunate spot, black; membrane 
black with a wide, sub-basal transverse suffused brown stripe. Abdomen reddish 
yellow ; ventrally basally with two large, blackish spots and sub-apically with 
a large, elliptical blackish spot on each side of mid-venter. Legs piceous ; anterior 
and posterior tibiae broadly pale yellow or whitish basally and with a greenish 
black suffused spot on outer surface sub-basally ; median femora narrowly, posterior 
femora broadly whitish basally. Setae and pubescence dark fulvous. 


Ectomocoris fugitwus Miller. 
Ectomocoris fugitivus Miller, 1950, Ann. Mag. nat. Hist. (12) 3, 502. 

One male found on a path at an altitude of 5,000 ft. (Dec.) ; Vumba Mts. When 
handled it secreted a good deal of fluid from the thoracic glands, the smell of which 
resembled that of the secretion produced by the palaearctic Staphylinid beetle 
Ocypus olens. 

Aduli. (Pl. I, fig. 9.) 
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Ectomocoris poneroides Miller. 
Ectomocoris poneroides Miller, 1950, Proc. zool. Soc. Lond. 120, 221. 


Two males and one female taken at an altitude of approximately 6,000 ft. ; 
Vumba Mts. All were captured in the daytime, running rapidly on an open path. 
Their behaviour was similar to that of a ponerine ant which was fairly abundant 
in the same locality. 


Adult. (Pl. IV, fig. 4.) 


Ectomocoris velox Miller. 
Ectomocoris velox Miller, 1950, Proc. zool. Soc. Lond. 120, 220. 


- A male captured while it was running rapidly across a sandy path at 5 o’clock in 
the evening. At the time the sun was shining (Oct.) ; Odzi. 


Ectomocoris varvpes Miller. 
Ectomocoris varipes Miller, 1950, Proc. zool. Soc. Lond. 120, 219. 


A 5th instar larva found under a stone (Sept.); Odzi. It reached the adult 
stage (a male) a few days later. 


Phalantus collaris (Gerstaecker). 


Pirates collaris Gerstaecker, 1892, Jb. hamburg. Wiss. Anst. 9, 55; Phalantus collaris Schouteden, 
1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2,1, 1389; Villiers, 1944, Bull. Soc. ent. Fr. 49, 31. 

Males only of this species captured at light (Dec. Feb.) ; Odzi. 

Adult. (Pl. III, fig. 11.) Segments 1 and 2 of antennae, rostrum, brown ; 
segments 3 and 4 of antennae dark stramineous. Eyes black. Head dark brown. 
Anterior lobe of pronotum yellow with a median longitudinal dark brown stripe ; 
propleural epimeron, sterna, legs and abdomen, yellow; anterior femora with an 
interrupted annulation ‘eateries median and posterior femora with an annulation 
apically, piceous. Posterior lobe of pronotum scutellum, meso- and metapleura 
piceous. Abdomen ventrally transversely suffused with piceous. Corium and 
membrane piceous; corium with yellowish suffusion basally for about half ate 
ees Wings hyaline, faintly iridescent. 


Catamiarus nyassae Distant. 


Catamiarus nyassae Distant, 1877, Ent. Month. Mag. 14, 134; Jeannel, 1919, Résult. sci. Voy. Alluaud 
et Jeann. Afr. or. (Hem.) 248. 


A female captured in the open in the early afternoon in bright sunshine ; Odzi. 
It was near the tip of a stem of Hyparrhenia sp. (Gramineae). At first glance, 
it had a certain resemblance to a fairly large grey and black bee which I had often 
seen in similar situations. 

This female deposited one ovum in the soil in the rearing jar. 

Ovum (fig. 20.) Dull greyish olivaceous ; chorionic processes dark grey ; apical 
margin of chorion narrowly black. Cylindrical, glabrous, curved on one side, 
almost straight on the other. 3-20 mm. 
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Adult. (Pl. II, fig. 8.) Black, except posterior lobe of pronotum, dull reddish. 
Connexivum dorsally with a quadrate area of silvery pubescence at base of each 
segment. Abdomen ventrally glabrous; connexivum with areas of silvery 
pubescence which extends on to the lateral areas; segments 7-9 dorsally with 
silvery pubescence. Costal area of corium dull reddish black; remainder and 
membrane fuscous ; medially apically with a triangular area of adpressed pale 
fulvous pubescence. 


Fig. 18. 


MN) 


Catamiarus nyassae Distant. Ovum, 


EcTRICHODIINAE. 


Santosia bidentula (Germar). 

Santosia bidentula (Germar), 1837, Silberm. Rev. ent. 5, 130 (Ectrychotes): Stal, 1865, Hem. Afr. 3, 
122 ; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3), Sect. 2, 1, 149. 

A male found on low vegetation on outskirts of forest at an altitude of 5,000 ft. 
(Dec.) ; Vumba Mts. 

Aduli. (Pl. IV, fig. 5.) Antennae, head and legs black; postocular faintly 
suffused with red. Pronotum and scutellum red; anterior lobe almost entirely, 
posterior lobe except laterally and posteriorly suffused with black. Pleura black, 
except acetabula, red. Hemelytra black with the base narrowly and a sub-median. 
transverse stripe, red. Abdomen red, with a black spot on each segment of 
connexivum apically ; ventrally with apical margin of each segment and pygophore 
piceous. 

Ectrichodia crux Thunberg. 

Ectrichodia crux Thunberg, 1783, Nov. Insect. sp. 2, 35; Gmelin, 1788, Syst. Nat. 1, 4 (Cumem) 2145 ; 
Thunberg, 1822, Hem. Rostr. 3 (Reduvius) 5 ; Hahn, 1931, Wanz Ins. 1 (Loricerus), 30 ; Burmeister, 
1835, Handb. Ent. (Ectrichotes), 238; Blanchard, 1840, Hist. Insect. 3, 105; Stal, 1865, Hem. 
Afr. 3,106; 1874, Enum. Hem. Pt. 4, 50 (Physorrhynchus) ; Distant, 1903, Ann. S. Afr. Mus. 3 
(Physorrhynchus), 45; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 268 ; 
Hesse, 1925, Ann. S. Afr. Mus. 28, 112; Schumacher, 1928, Denkschr. med.-naturw. Ges. Jena ; 
Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 154. 

This is an abundant and widely distributed species, the larvae of which pass 
their whole life in concealment, mainly under logs or stones. The adults, many 

4H2 
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of which are often found together, also prefer such localities as a normal habitat, 
but are occasionally seen in the open, and I have for example, taken a female 
which was on a stony path and feeding on a millepede (Spirostreptus sp.), and also 
a male which was on grass stem. Heaps of leaf-debris mingled with branches 
which have been undisturbed for some time, and under which there is usually a 
mixed population of worms, scarabaeid larvae- and millepedes form another 
favoured habitat. Millipedes are apparently the exclusive food of this species 
and until the act is witnessed it is difficult to believe that both adults and larvae 
would attempt to attack with success millepedes very much greater in size and 
weight. This, however, does happen and it is remarkable how persistent this 
reduviid is in returning to the attack after it has been repeatedly thrown off by 
the violent twisting and turning of its prey. To illustrate this I will describe 
how a male EL. crux eventually overcame a millepede about twice as long as itself. 
On being put into the container in which the H. crux was kept, the millepede was 
immediately seized and then ensued a violent struggle during which the reduviid 
was frequently gripped either by the anterior legs or by the body in the coiled 
body of its intended prey. After many frustrated attempts, to insert its mouth- 
parts into the softer parts of the body of the millepede, the dorsal sclerites being 
too hard, the reduviid finally succeeded in piercing the inter-segmental membrane 
ventrally. 


Fig. 19. 


Ectrichodia crux Thunberg. Ovum. 


The millepede was then more or less immobilized, but the injected saliva was 
not effective in completely paralizing the whole body, but death followed eventually. 
This struggle lasted for one and a half hours. 

On another occasion I saw a female H. crux attack and kill a millepede measuring 
about six and a half inches in length and twice as thick as an ordinary pencil. 

The ova of this species are deposited in loose masses in the soil. 

Ovum (fig. 19). Pale greenish white. Ovate; operculum very feebly convex ; 
chorion glabrous, very minutely granulose near apex. 2-30 mm. 

5th instar. Closely resembles the adult in coloration except that the pronotum 
has a T-shaped black spot, the cross-bar of which is near the posterior margin ; 
meso- and metanotum with a longitudinal yellowish spot. Head with a short 
median longitudinal interocular yellow stripe. Anterior tibiae with a narrow, 
yellow, longitudinal stripe on external surface. Fossula spongiosa well developed, 
also stridulatory furrow which is deep and with abundant marginal setae. Dorsal 
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plates on segments 4 and 5, that on segment 4 very much smaller and elliptical 
in shape; that on segment 5 sub-quadrate ; segment 3-7 laterally with a small 
fusiform depression with elevated thickened margins, the floor of the depression 
brownish yellow, and an elongate depression with thickened margins inter- 
segmentally laterally. 21-00 mm. 

Adult. (PI. V, fig. 2.) Black, except pronotum dorsally, base of corium, segments 
3-5 mid-dorsally and external margin of connexivum of abdomen pale yellow. 
Setae on antennae piceous, on tibiae apically and tarsi pale fulvous. Tarsi dark 
brown. Pronotal sulci black. 

In both sexes there is a considerable variation in size and the females are 
brachypterous, the hemelytra extending to the 6th abdominal segments. In many 
females a physogastric condition frequently occurs, and is not brought about by 
the presence of developing ova, since it persists after the ova have been deposited. 


Philodoxus principalis (Distant). 

Physorrhynchus principalis Distant, 1903, Ann. S. Afr. Mus. 3, 53. 

A male captured at light (Dec.); Sebungwe, Bulawayo, Khami, Penhalonga. 

Adult. (Pl. IV, fig. 9.) Antennae, eyes, legs and hemelytra black. Remainder 
red, except base of head yellow; rostrum brown. Abdomen ventrally with 
inter-segmental black stripes. Ocelli margined with black. Base of corium and 
principal veins faintly suffused with red. Wings infumate. Setae on antennae 
dark fulvous. 


Glymmatophora manicae Miller. 
Glymmatophora manicae Miller, 1950, Proc. zool. Soc. Lond. 120, 226. 

Both sexes of this species are rarely seen in the open and when they do leave 
their usual habitat it seems that it is mainly on account of their being disturbed. 
On the two occasions on which I found a male and a female running on bare 
ground it seemed evident that ants had driven them from their hiding place. The 
female not only had been driven out but had been slightly mutilated most probably 
by the large “ stink ant’, Megaponera foetens, many of which were present in the 
same spot ; Odzi. 

One female captured deposited twenty-six ova loosely in the soil, all infertile. 


Glymmatophora manicae Miller. Ovum, 


Ovum (fig. 20). Pale greenish white. Ovate, glabrous ; apical margin of chorion 
feebly oblique ; upper surface of operculum feebly shagreened. 2-20 mm. 
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_ A physogastric condition is sometimes evident in females and would appear to 
indicate that fully developed ova are present, but, this is not so, since the condition 
persists after the ova have been deposited. 
Adult 2. (PI. V, fig. 3.) 


Glymmatophora rhodesiana Miller. 
Glymmatophora rhodesiana Miller, 1950, Proc. zool. Soc. Lond. 120, 224. 
A male captured while flying in the daytime (Dec.) ; Odzi. 


Glymmatophora mashonae Miller. 
Glymmatophora mashonae Miller, 1950, Proc. zool. Soc. Lond. 120, 225. 


One male found under a log (June) ; Odzi. 
Adult. (Pl. IV, fig. 8.) The following species of Glymmatophora have also been 
recorded, but the exact localities are not known :— 


Glymmatophora erythrodera Schaum, 1853, Ber. Akad. Berlin 1853, 358. 
BS pellax Horvath, 1914, Ann. Mus. Nat. Hung. 12, 131. 
7 aeniceps Horvath, 1914, Ann. Mus. Nat. Hung. 12, 130. 
- semirubra Horvath, 1914, Ann. Mus. Nat. Hung. 12, 132. 


Maraenaspis vorax Miller. 
Maraenaspis vorax Miller, 1950, Proc. zool. Soc. Lond. 120, 228. 


A female found in soil (Nov.); Odzi. The following month two batches of 
ova were deposited in loose masses in the soil, the number in the second batch 14. 
The number in the first batch was not counted accurately but was approximately 
30. Twenty-four days after deposition, the eyes of the embryo began to show 
through the chorion, and about three weeks later, eclosion took place. 

The exact age of the female from which the ova were obtained was not known, 
but the period it lived from the time of capture was 131 days. Eclosion was 
irregular and continued over a period of twenty-four hours or so. 

Ovum (fig. 21 4). Pale green; operculum whitish. Ovate, glabrous. 2-10 mm. 
On some of the ova a small quantity of yellow glutinous substance was present. 

lst instar (fig. 21B). Eyes dull red. Segments 1-3 of antennae, head, except 
extreme base, rostrum piceous. Segment 4 of antennae whitish. Rostrum, base 
of head dull yellow suffused with piceous. Pronotum, sterna yellow ; mesonotum 
yellow suffused with piceous ; metanotum piceous. Abdomen dorsally reddish 3. 
dorsal plates black. Meso- and metapleura piceous. Legs dull yellow, strongly 
suffused with piceous. 3°50 mm. 

In this instar the antennae appear to be composed of five segments, but if 
examined under high magnification, it will be seen that the 5th segment has 
indications of being divided into four segments. 

The dorsal plate on segment 4 is very small and has a very narrow transverse 
ostiole. The plate on segment 5 is much larger with the ostiole transverse and 
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wider laterally. At the base of segment 6 is a sclerotized plate hardly separated 
from the sclerotized area on segment 5. With regard to the colour of the larvae 
in the instars following the Ist instar, it was considered undesirable to disturb 
them unduly from their retreats in the soil in order to examine them. On this 
account therefore, it was possible to ascertain the approximate coloration only 
when they appeared close to the sides of the glass receptacle in which they were 
housed. The colour, then, of the 2nd to 4th instars, so far as it was possible to 
see it, was, legs and thorax piceous and the abdomen dark red in the 2nd and 
3rd instars (fig. 210). The apical segment of the antennae whitish. In the 4th 
and 5th instars the general coloration is piceous with a faint reddish tinge on 
the abdomen. 


Fig. 21. 


Maraenaspis vorax Miller. A. Ovum. B. Ist instar larva. C. 3rd instar larva. D. Thorax, 
4th instar, alate J. E. Thorax, 4th instar, apterous 9. 


Larvae in all the instars were inclined to be gregarious, congregating in small 
cavities they made in the soil. They were also very vigorous and from the 2nd 
instar onwards, were able to attack and overcome millepedes at least five times as 
heavy and, of course, considerably more bulky than they. 

Millipedes cut into short sections were given to Ist instar larvae, which always 
came to the surface of the soil to feed as soon as the pieces were put in. 

Development in this species, at least in respect of the one under observation for 
over a year, was very slow and erratic, in spite of the fact that food was never 
scarce. Adults began to appear about a year after the date of eclosion and intervals 
of approximately four weeks elapsed between ecdyses. 

In this species there are alate and apterous males and apterous females, but, 
at the 4th and 5th instars when it is usually possible to confirm whether a larva 
is going to produce an alate or an apterous individual, the differences in the thoracic 
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structure are so slight as to render the distinction extremely difficult. There are 
no indications of wing-pads which are the usual features of the larvae of alate 
forms (fig. 21 Dandz£). Fora considerable time after ecdysis, the pronotum is of a 
deep yellow colour. 

Adult 9. (PI. IV, fig. 10.) 


Maraenaspis corallinus Miller. 
Maraenaspis corallinus Miller, 1950, Proc. zool. Soc. Lond. 120, 229. 


Two males captured flying in the evening in bright sunshine (Oct.) ; Odzi. 
Adult. (PI. IV, fig. 6.) 


Maraenaspis crocata (Distant). 

Physorrhynchus crocatus Distant, 1903, Ann. S. Afr. Mus. 3, 47. 
Maraenaspis crocata (Distant), Miller, 1952, J. ent. Soc. 8. Africa 14, 134. 

A male found on a grass stem in swampy ground on river bank (Nov.); Odzi-. 

Adult. (Pl. V, fig. 1.) Eyes black. Pronotum, head and legs shining light red ; 
apex of scutellar spines suffused with brown. Antennae piceous. Corium and 
membrane black. Abdomen dorsally black; ventrally black with faint blue or 
green lustre ; segments 3-5 mid-ventrally with a faint reddish suffusion. 


Cleptria oculata Stal. 
Cleptria oculata, Stal, 1865, Hem. Afr. 3, 109. 
Sawmills. 


APIOMERINAE. 


Cleontes genitus Distant. 
Cleontes genitus Distant, 1903, Ann. S. Afr. Mus. 3, 53; Schouteden, 1932, Ann. Mus. Congo Beiye 
Zool. (3) Sect. 2, 1, 148. 

I have been able to obtain no information regarding this species which is 
apparently not abundant but seems to be fairly widely distributed. According 
to Schouteden (loc. cit.) “‘ Les larves de ces insectes se recontrent principalement 
sous les écorces soulevées des arbres. Elles sont extreémement collants et leur 
corps est souvent complétement dissimulé sous les détritus divers, comme c’est 
le cas en Europe pour la larve du Réduve masqué, Reduvius personatus ”’. 

Specimens of adults in collections which I have examined have also had a 
considerable quantity of glutinous substance covering mainly the legs, particularly 
the anterior pair. Reported from Hartley, Bulawayo and Umfuli River. 

Aduli. (Pl. V, fig. 4.) Yellow. Head, anterior lobe of pronotum antennae, 
rostrum and membrane black. Abdomen stramineous ; apical half suffused with 
red. Corium reddish yellow, this colour extending over part of the membrane 
basally. 

The glutinous substance on the anterior tibiae causes the setae thereon to adhere 
to each other thus making the colour of the tibiae appear to be blackish. 

In this species the prosternal furrow is not striate and there are no tarsi on the 
anterior legs. 
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TRGEINAE. 


Phonolibes obsoletus Horvath. 


Phonolibes obsoletus Horvath, 1914, Ann. Mus. nat. Hung. 12, 138; Jeannel, 1919, Résult. sci. Voy. 
Alluaud et Jeann. Afr. or. (Hem.) 277. 

Micropterous and alate males and females were found under logs lying in grass 
in August, October, December and January; Odzi. Termites were usually 
present, the species being either Allodontermes schultzei or Amitermes wnidentatus 
Wasm. 

Two ova only which were deposited singly, were obtained. 

Ovum (fig. 22 4). Brown; differentiated portion of chorion white. Ampulli- 
form ; surface of chorion minutely granulose. 2-00 mm. 

Incubation period approximately 24 days. 

lst instar (fig. 22 B). Head, segments 1-3 of antennae piceous; body yellow 
suffused with piceous. Apical segment of antennae reddish yellow. Abdomen 
with apical margin of segments narrowly piceous. Eyes brown, 2-50 mm. 


Fig. 22. 


Phonolibes obsoletus Horvath. A. Ovum. B. Ist instar larva. 


In this instar the antennal segments are moderately thick. Dorsal plates present 
on segments 3,4and 5. Rostrum slender, extending almost to base of abdomen. 

Adult. (Pl. V, fig. 10.) General coloration dark ferruginous or piceous. 
Hemelytra blackish. 


Phonolibes vicinus Miller. 
Phonolibes vicinus Miller, 1950, Proc. zool. Soc. Lond. 120, 240.. 


Alate and micropterous males and females found together under a log lying in 


grass ; Zimbabwe. 
Adult, alate g. (Pl. V, fig. 11.) 
VOL. XXVII.—PaART Vi. No. 8.—1953. 41 
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HARPACTORINAE. 


Rhaphidosoma ambulator Stal. 


Rhaphidosoma ambulator Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 45 ; 1865, Hem. Afr. 3,98; carinatum 
Stal, ibid. (2), 98; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 265, 
A male and female taken (Feb. Mar.). the former found on a grass stem and the 
latter on the wall of a house ; Umtali. 
Adult. General coloration reddish black. Body and legs with a covering of 
‘greyish adpressed setae. 


Rhaphidosoma circumvagans Stal. 

Rhaphidosoma circumvagans Stal, 1855, Oefv. Vetensk-Akad. Férh, 12, 45; 1865, Hem. Afr. 3, 98 ; 
1874, Enum. Hem. Pt. 4,42; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 
265; Hesse, 1925, Ann. S. Afr. Mus. 23, 115; Schouteden, 1932, Ann. Mus. Congo Belge Zool. 
(3) sect. 2, 1, 163. 

A very abundant species. During the months September to January I collected 
it in grassy areas by sweeping at Odzi. 

IT was able to obtain no information regarding the prey of this species in its 
natural habitat, but, presumably it comprises small insects and possibly larvae of 
lepidopterous stem-borers. 


Fig. 23. 
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Rhaphidosoma circumvagans Stal. A. Ova. B. Ist instar larva. 


In the laboratory, both larvae and adults accepted Drosophilidae but not-very 
eagerly 

Both larvae and adults have a striking resemblance to certain apterous Phasmidae, 
a resemblance which is perfected by the resting attitude of the adults which take 
up a position along a grass-stem and stretch their anterior legs straight in front of the 
head and their other legs which are pressed close to the body, straight out behind. 
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Adults when handled stridulate vigorously, but I was not able to detect any 
sound. They also secrete a copious quantity of fluid when treated thus, the 
fluid having the characteristic odour. The presence of larvae and adults in the 
field ig often revealed by the smell of this fluid. 

The ova are deposited singly with the longer axis parallel with the substrate. 

Ovum (fig. 23.4). Stramineous with three longitudinal dark brown. stripes ;. 
operculum white. . Cylindrical, narrowed anteriorly and posteriorly ; almost 
straight on one side, feebly curved on the other; narrowly rounded basally ; surface 
of chorion minutely rugulose, sub-glabrous ; operculum with a narrow conical 
median process, obliquely truncate apically. 2-50 mm. 

Ist instar (fig. 23 B). Greyish brown. Segments 2 and 3 of antennae whitish 
with blackish suffusion apically ; segment 4 whitish. Eyes red. Dorsally with a 
pale whitish stripe extending from clypeus to apex of abdomen. Pronotum 
medially, meso- and metanotum, abdomen laterally narrowly white ; abdomen 
sub-dorsally with a narrow, longitudinal undulate dark ferruginous stripe ; dorsal 
plates piceous. 3-50 mm. 

5th instar. Stramineous suffused with dark brown and with a narrow pale 
stramineous stripe from transverse sulcus behind eyes to apex of abdomen. Femora 
stramineous ; tibiae and tarsi darker. 28-00 mm. 

Adult. Eyes black. Head and body piceous with dense, adpressed silvery 
grey pubescence. Femora, anterior tibiae, basal segment of antennae reddish 
piceous ; segment 2 of antennae light brown; apical segments pale stramineous.. 
Median and posterior tibiae stramineous, darker apically ; tarsi light brown, claws 
black. The female is similar but paler. 


Rhaphidosoma maximum Miller. 
Rhaphidosoma maximum Miller, 1950, Proc. zool. Soc. Lond. 120, 230. 


Both sexes of this species have been taken by sweeping long grass areas in May 
and July, also during the months October to March ; Odzi. 

The ova are deposited singly on grass stems attached by a small quantity of 
adhesive substance. 

Ovum (fig. 24 4). Dark brownish yellow ; apical margin of chorion dark brown ;. 
differentiated portion of chorion, operculum brownish white. Cylindrical, elongate, 
feebly curved towards apex ; differentiated portion of chorion somewhat elevated 
above the margin of operculum, finely rugulose ; chorion sub-glabrous, minutely, 
irregularly reticulate; operculum a shallow, circular disc ; opercular process. 
rotundato-truncate apically, projecting above the margin of the operculum by 
more than half its length. 4°50 mm. 

Ist instar (fig. 24.8). Straminecus, feebly, infumate. Eyes reddish. Vertex 
laterally and sub-dorsally with narrow, longitudinal brown stripes. Nota laterally 
pale yellow. Pleura whitish. Abdomen reddish yellow with narrow blackish 
suffusion sub-laterally ; segments 2 and 3 of antennae black in apical half. Tibiae 
apically, tarsi nfumate. 8-50 mm. 

The larva has the habit of curving its abdomen upwards when it is walking. 

: Sa ge 
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Fig. 24. 


Rhaphidosoma maximum Miller. A. Ovum. B. Ist instar larva. 
Fig. 25. 
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Rhaphidosoma sordidum Miller. A. Ovum. B. Ist instar larva. 
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Rhaphidosoma sordidum Miller. 
Rhaphidosoma sordidum Miller, 1950, Proc. zool. Soc. Lond. 120, 232. 

A male and female swept from long grass (Oct.) ; Odzi. 

Ova were deposited in the laboratory and placed singly by the female on grass 
stems. The ova were fixed with the longer axis parallel with the substrate by 
means of a small quantity of glutinous substance, which covered about half the 
chorion. 

Ovum (fig. 25 a). Stramineous with linear areas of brownish suffusion. Cylindri- 
cal, elongate, sub-sinuate, narrowly rounded basally, narrowed towards apex ; 
operculum conical, truncate apically. Surface of chorion finely recticulate, the 
cells elongate elliptical. 3-00 mm. 

lst wmstar (fig. 25 8B). Segments 1-3 of antennae greyish white; segments 2 
and 3 suffused with piceous apically ; segment 4 pale yellow, narrowly suffused 
with piceous basally. Eyes light red. Head greyish yellow with a paler stripe 
on vertex and two brown spots medially behind transverse sulcus ; vertex laterally 
brown. Nota greyish yellow ; pronotum with wide, meso- and metanotum with 
narrow, pale yellow, longitudinal stripe ; all segments with a narrow white margin. 
Pleura dark brown. Abdomen dark brown, narrowly white laterally. Femora 
and tibiae greyish white ; tibiae suffused with piceous apically ; tarsi dark brown. 
External margins of connexivum fimbriate with short setae at apex of projections. 
Body elongate, slender ; head wide. Antennae and legs with very short somewhat 
thick setae. Head, body, dorsal plates with short, thick, capitate setae. Tarsal 
claws very long. 4:00 mm. 


Rhaphidosoma griseum Miller. 
Rhaphidosoma griseuwm Miller, 1950, Proc. zool. Soc. Lond. 120, 230. 
Males and females abundant in long grass areas (Oct.) ; Odzi. 


Rhaphidosoma griseum Miller. A. Ovum. B. Ist instar larva. 


Females deposited ova freely. Each ovum was placed separately with the 
longer axis parallel with the substrate. 
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Ovum (fig. 26 4). Pale stramineous with linear light brown suffusion.. Elongate, 
cylindrical, glabrous; chorion minutely reticulate. Operculum a circular dise 
with a median process, cylindrical, truncate apically and projecting above the 
rim by about four-fifths of its length. 2-70 mm. 

_ The ovum of this species closely resembles that of R. circumvagans but is less. 
curved and has the apex of the opercular process more broadly truncate. 

The incubation period approximately six days. 

lst instar (fig. 26 B). Head, legs, thorax, stramineous. Segments 2 and 3 of 
antennae brownish apically. Abdomen purplish; connexivum white; dorsal 
plates piceous. Nota narrowly white laterally. Tibiae apically, tarsi dark brown. 
Setae short, sub-capitate. Striae present in prosternal furrow. 3-00 mm. 


Rhaphidosoma simile Miller. 
Rhaphidosoma simile Miller, 1950, Proc. zool. Soc. Lond, 120, 234. 


A male taken in open bush country in long grass at an altitude of 3,000 ft. (Mar.); 
Umchabeze R., Selukwe. 
This species closely resembles R. circumvagans. 


Rhaphidosoma rufipes Miller. 
Rhaphidosoma rufipes Miller, 1950, Proc. zool. Soc. Lond. 120, 233. 


Males and females found in long grass areas (Jan.) ; Odzi. 


Rhaphidosoma rufipes Miller. A. Ovum. B. 1st instar larva. 


Several ova were obtained. These were deposited on grass stems in the laboratory 
and were arranged with the longer axis parallel to the substrate. 

Ovum (fig. 27.4). Stramineous with suffused piceous and brown confluent 
spots and stripes; differentiated portion of chorion greyish brown; operculum 


BIOLOGY OF THE REDUVITDAE OF SOUTHERN RHODESIA. 603 


whitish. Cylindrical, slender, narrowed towards each end ; oblique at opercular 
end; surface of chorion reticulate, the reticulations elliptical; chorion feebly 
constricted sub-apically ; operculum a circular disc with the differentiated portion 
narrow and constricted in basal half; median process conical, truncate apically. 
3°30 mm. 

lst instar (fig. 27 B). Antennae hyaline; apical half of segment 2, apical half 
of segment 3 and base of segment 4 narrowly black ; remainder of segment 4 whitish 
yellow. Head and nota stramineous, infumate. Postocular with a median, 
longitudinal narrow stripe, nota narrowly laterally, meso- and metanotum with a 
median longitudinal stripe widened somewhat on metanotum, whitish. Abdomen 
purplish with lateral fimbriae white ; apical segment whitish yellow ; mid-dorsally 
with a somewhat obscure, narrow, median, longitudinal whitish stripe. Femora 
and tibiae stramineous infumate; apex of tibiae, tarsi, blackish. Eyes red. 
Pleura blackish; sterna stramineous; striae present in prosternal furrow. 
4-20 mm. 

This species is similar to R. grisewm. Apart from differences in colour and 
structure of the adults, there is also a difference in the ova, those of this species, 
among other things, being larger. 


Leptodema acanthocephala Carlini. 
Leptodema acanthocephala de Carlini, 1892, Ann. Mus. Stor. nat. Genova (2) 12, 534; Distant, 1903, 
Ann. S. Afr. Mus. 3, 45; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 272. 
Males and females swept from grass (Oct.—Jan., also July) ; Odzi and Umfuli R. 
Ova obtained were deposited singly with the longer axis parallel to the substrate. 


Leptodema acanthocephala Carlini. A. Ovum. B. Ist instar larva. 
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Ovum (fig. 28 4). Dark olivaceous; upper margin of chorion dark brown ; 
operculum whitish. Cylindrical, curved; apex of chorion oblique; surface of 
chorion finely carinate and with some punctures near apex, remainder minutely 
reticulate ; operculum a thin, circular disc with the upper surface feebly convex, 
reticulate. 2-10 mm. 

lst instar (fig. 28 B). General coloration greyish stramineous. Head and nota 
laterally suffused with brown. Abdomen with dark brown suffused spots. Margins 
of nota and abdomen whitish. Setae mostly short and sub-capitate. Segment 8 
of abdomen with two large tubercles, other segments with two smaller tubercles 
mid-dorsally. Legs with irregular brownish suffusion ; tibiae apically, tarsi dark 
brown. Striae present in prosternal furrow. 3°50 mm. ; 

Adult. General coloration piceous but the dense covering of adpressed pubes- 
cence gives a somewhat different aspect to the insect. The head is, in consequence, 
dark fulvous, the nota and abdomen dorsally reddish. The ventral surface of the 
head, thorax and abdomen, except laterally, has a dense covering of whitish 
pubescence. 


Leptodema laticollis Miller. 
Leptodema laticollis Miller, 1950, Proc. zool. Soc. Lond. 120, 236. 


One male found in grass (May); Victoria Falls. 


Leptodema echinata Gerstaecker. 
Leptodema echinata Gerstaecker, 1892, Jb. Hamburg wiss. Anst. 9. 


S. Rhodesia (no exact locality). 


Lopodytes nigrescens Miller. 
Lopodytes nigrescens Miller, 1950, Proc. zool. Soc. Lond. 120, 234. 


Several males, females and 5th instar larvae found in grass areas (Dec. Jan.) ; 
Odzi. 

The ova are usually deposited singly but on two occasions two groups of three 
were obtained. 

Ovum (fig. 29 4). Chorion dark brown, paler sub-apically and with a narrow 
pale stripe sub-apically on each side ; operculum narrowly white basally, remainder 
brownish white. Ampulliform, elongate ; operculum a circular disc concave on 
lower surface, with a feebly curved and apically truncate conical median process ; 
surface of chorion and of differentiated portion of operculum longitudinally striate. 
3°00 mm. 

Incubation period fourteen days. 

lst instar (fig. 298). Dorsally reddish brown with a narrow pale yellow stripe 
from transverse sulcus on head to apex of abdomen. Head, thorax and abdomen 
laterally dark brown. Nota laterally narrowly pale yellow; gular region from 
eyes to base of head, sterna medially whitish with a faint reddish suffusion. Legs 
dark brown. Body with moderately abundant, mostly thick capitate setae arising 
from low tubercles. 3-00 mm. 
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5th instar (fig. 29c). Head, antennae, thorax and legs piceous with dense, pale 
stramineous short, tomentose clothing and abundant long and short slender setae. 
Abdomen dark stramineous, similarly clothed with abundant, erect and moderately 
long piceous and pale stramineous setae arising from low tubercles. 16°00 mm. 


Fig. 29. 
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Lopodytes nigrescens Miller. A. Ova. B. Ist instar larva. C. 5th instar larva. 


The adults fly readily when disturbed, the flight being fairly rapid but usually 
for a short distance only. 
Lopodytes agilis Miller. 
Lopodytes agilis Miller, 1950, Proc. zool. Soc. Lond. 120, 235. 
A male found on the wall of a house (Jan.) ; Umtali. 


Lopodytes grassator Stal. 
Lopodytes grassator Stal, 1855, Oefv. Vetensk-Akad. Forh. 12, 45. 
Selukwe, Bulawayo. 
Lopodytes mashonae Distant. 
Lopodytes mashonae Distant, 1903, Ann. S. Afric. Mus. 3, 53. 
Imfuli River. 
Breddinea pilipes Miller. 
Breddinea pilipes Miller, 1950, Proc. zool. Soc. Lond. 120, 239. 
Several males and females captured by sweeping in long grass (Dec. & Jan.). 


Larvae in the 5th instar were also found in similar areas (Feb.). No ova were 
obtained from specimens captured ; Odzi. 
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2nd instar. Antennae, except apical segments, legs, pale olivaceous with black 
suffusion ; apical segment of antennae dark reddish. Eyes dark red. Head and 
thorax pale yellow. Head and nota mid-dorsally and abdomen basally with a 
moderately wide brownish stripe with a very narrow whitish stripe within it, 
which widens on metanotum and abdomen. Nota laterally narrowly brownish. 


Fig. 30. 
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Breddinea pilipes Miller. 5th instar larva. 


Abdomen whitish with pale reddish suffusion ; segments 7 and 8 dorsally with a 
piceous plate. Abdomen dorsally, sub-laterally with a very narrow, longitudinal 
reddish stripe. Lower margins of pleura brownish. 

5th instar (fig. 30). Segments 1 and 2 of antennae greyish white; segment | 
basally and apically, segment 2 apically blackish ; segments 3 and 4 dark reddish 
yellow. Head and body whitish; head with a greyish median stripe on vertex 
with a small whitish spot within it basally; anteocular laterally, postocular 
dorsally and laterally with a wide, infumate stripe, the stripe on postocular with a 
narrow whitish stripe within it. Nota and rudimentary hemelytra laterally black ; 
meso and metanotum and abdomen mid-dorsally with a narrow, median, somewhat 
irregular black stripe ; mesonotum suffused with pale vinaceous anteriorly, meso- 
and metapleura with a greenish infumate suffusion along lower margin. Abdomen 
laterally narrowly pale ferruginous ; mid-dorsally with two irregular parallel black 
stripes ; ventro-laterally with an irregular blackish stripe. Legs greenish or greyish 
white ; tarsi darker ; anterior and median femora with a black spot sub-apically. 
Approx. 14-00 mm. 

‘The larvae were fed on Drosophilidae. 
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Hoffmannocoris chinai Miller. 
Hoffmannocoris chinat Miller, 1950, Proc. zool. Soc. Lond. 120, 237. 

A somewhat uncommon species found early in the year in areas where the grass 
is long. Ova obtained in the laboratory were deposited singly and attached to the 
substrate, usually a grass stem, by a small quantity of glutinous substance. 

It is noteworthy that this genus before its discovery in Africa had been recorded 
only from China ; Odzi. rs 

Ovum (fig. 31.4). Chorion brownish yellow, somewhat darker towards the apex 
and with a very narrow dark brown ring sub-apically; differentiated part of 
chorion and operculum brownish white. Ampulliform, somewhat compressed ; 


Fig. 31. 


Hoffmannocoris chinai Miller. A. Ovum. B. Ist instar larva. C. 5th instar larva, 


surface of chorion minutely reticulate ; margin of differentiated portion of oper- 
culum irregularly crenulate, the apex of each projection rounded. 2-10 mm. 
Incubation period eleven days. 
lst instar (fig. 31B). General coloration whitish. Segment 1 of antennae 
suffused with ferruginous on lower surface; apical segment of antennae pale 
reddish yellow ; segment 3 suffused with black. Eyes light red. Head and thorax 
suffused with smoky brown, particularly on epicranium. Thorax with a distinct 
median, longitudinal narrow whitish stripe; postocular laterally with a wide 
longitudinal infumate stripe ; anteocular laterally with a narrow ferruginous and 
a wide longitudinal infumate stripe. Nota laterally white. Two long epicranial 
and pronotal spines black. Dorsal plates and spines on plates on segments 3-6 
blackish for the greater part. Femora with a narrow blackish stripe and apical 
4K2 
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spines blackish. Most of setae and long spines white. Tibiae with a narrow ferru- 
ginous stripe along outer surface. Elongate and spinous. Head with two long 
spines on epicranium. Dorsal plates with two long spines; plate on segment 3 
elliptical, on other segments elliptical with the anterior margin incised. Epicranial 
spines truncate with short seta apically and a seta arising from a low tubercle 
sub-apically. Segments 2 and 3 and base of segment 4 of antennae with a few short 
setae. All other setae moderately thick and truncate apically, all long thick 
abdominalspines both dorsal and ventral abruptly constricted sub-apically. Femora 
with two spines apically, abruptly constricted in apical half. Basal segment of 
rostrum with a few moderately thick setae. Striae in prosternal furrow not 
developed. 2-50 mm. | 

The larvae in this instar move about with the abdomen curved upwards. 

5th instar (fig. 31c). Head, thorax and legs pale greyish yellow with whitish 
tomentose clothing and setae. Head laterally darker with a narrow white stripe 
in front and behind eyes; rostrum pale yellow. Mesonotum laterally, pleura 
with a narrow white stripe. Rudimentary hemelytra blackish with white tomen- 
tose clothing. Abdomen dorsally dull brownish yellow. Basal segment of antennae 
piceous with whitish fine tomentose clothing ; remaining segments whitish yellow. 
External apical spine on femora stramineous ; internal spine piceous. 

Head with two long spines and setigerous tubercles behind eyes; pronotum | 
with four longer spines and low setigerous tubercles irregularly placed and a spine 
at anterior angle sub-dorsally. Abdomen dorsally with a long spine on each 
segment on each side of mid-dorsum and laterally and spines on external margin of 
connexivum ; segment 8 triangularly produced laterally ; apical segments with 
eight long spines ; dorsal plates very small, elliptical with very narrow transverse 
ostiole and with two long spines. Femora with two moderately long spines 
apically. Rudimentary hemelytra extending to apical margin of 3rd abdominal 
segment and with setigerous tubercles. All thick spines constricted apically. 
Entire insect with abundant setae and tomentose ‘clothing; lower surface of 
basal segment of antennae with abundant, short, thick setae. 14-00 mm. including 
abdominal spines. 

Adult. (Pl. IX, fig. 3.) . 


Paramphibolus albiventris Miller. 
Paramphibolus albiventris Miller, 1950, Proc. zool. Soc. Lond. 120, 241. 


Males and females swept from long grass (Sept. and Nov.) ; Odzi. 

Ova obtained were deposited in a row with the longer axis vertical. 

Ovum (fig. 32.4). Pale yellowish; differentiated portion of chorion white. 
Cylindrical, narrowed somewhat towards apex. 1-10 mm. 

Incubation period approximately two weeks. 

lst instar (fig. 32B). Yellow. Eyes dark vinaceous. Segments 1-3 of antennae 
brown; segment 4 reddish yellow. Head and thorax with infumate suffusion. 
Abdomen with a narrow vinaceous stripe laterally ; dorsal plates brown. Anterior 
femora broadly, median and posterior femora narrowly black apically ; all femora 
with median vinaceous annulation; tibiae narrowly black basally. Abdomen 
ventrally with narrow, transverse vinaceous stripes ; sub-dorsally with a narrow, 
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longitudinal vinaceous stripe. Pleura and coxae infumate. Head, body and 
femora with long glandular setae. 2-00 mm. . 

2nd instar (fig. 32.0). General coloration yellowish brown; epicranium, nota 
laterally darker ; extreme lateral margin of pronotum whitish. Abdomen laterally 
narrowly piceous ; ventrally with four black spots laterally ; dorsal plates and 
sclerotized areas on segments 8 and 9 dark piceous. Apex of femora, base of 


Fig. 32. 
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Paramphibolus albiventris Miller. A. Ovum. B. Ist instar larva. C. 2nd instar larva, 


tibiae narrowly black. Segments 1 and 2 of abdomen with a small sclerotized 

area bearing a seta on each side of mid-dorsum; dorsal plates on segments 3-7, 

those on segments 3-5 bearing ostioles of repugnatorial glands ; segments 8 and 9 

with most of the dorsal surface sclerotized ; all plates with a moderately long seta 

laterally. Femora and tibiae with abundant glandular and simple setae. 4-00mm. 
Adult. (Pl. IX, fig. 9.) . 


Rhinocoris vumbaensis Miller. 
Rhinocoris vumbaensis Miller, 1950, Proc zool. Soc. Lond. 120, 242. 

Several males and females on Sporobolus grass early in the morning at an altitude 
of approximately 6,000 ft. (Dec.), and a single female on rank vegetation in a 
clearing in a Hucalyptus plantation at a lower altitude (4,000 ft.) (Apr.) ; Vumba 
Mts.; Monarch Mine. 

Ova were deposited singly with a moderately thick covering of glutinous substance. 
This method of oviposition is not characteristic of the genus Rhinocoris and is 
most probably not the normal manner, the reason for the variation being the 
changed conditions of environment. 
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Ovum (fig. 33.4). Brown; differentiated portion of chorion white. Sub- 
ampulliform ; glabrous; operculum (fig. 338) a circular disc with a median 
rounded, reticulate elevation and irregular, outwardly directed filaments. 1-50 mm. 

lst instar (fig. 33.c). Piceous; tibiae and tarsi light brown. Apical segment of 
antennae pale reddish yellow. Body and legs with glandular setae. Pale greenish 
secretion present at time of eclosion. 


A 
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Rhinocoris vumbaensis Miller. A. Ovum. B. Operculum. C. 2nd instar larva. 


2nd wstar. Head and thorax black; abdomen pale reddish ; anterior femora 
black ; median and posterior femora black with a median pale annulation ; tibiae 
whitish with a sub-basal blackish annulation and piceous suffusion basally. Seg- 
ments 8 and 9 of abdomen dorsally with a shining black plate. 2-80 mm. 

Adult. (Pl. VII, figs. 3, 18, 13 a.) 


Rhinocoris cardinalis Miller. 
Rhinocoris cardinalis Miller, 1950, Proc. zool. Soc. Lond. 120, 247. 


A single male taken in open grassland (May) ; Zimbabwe. 
Adult. (Pl. VII, fig. 12.) 


Rhinocoris venustus (Stal). 

Rhinocoris venustus Stal, 1855, Oefv. Vetensk-Akad. Férh. (Harpactor), 12, 42; 1865, Hem. Afr. 3, 
(Reduvius), 80; 1874, Enum. Hem. Pt. 4, 38 (Reduvius), sub-gen. Diphymus ; R. venustus Walker, 
1873, Cat. Hem. Het. Brit. Mus. 8, 100 and 102 (Harpactor); Jeannel, 1919, Résult. sci. Voy. 
Alluaud et Jeann. Afr. or. (Hem.) 284 (Harpactor, sub-gen. Diphymus) ; Schouteden, 1932, Ann. 
Mus. Congo Belge Zool. (3) Sec.2,1,178; Hzplor. Parc nat. Albert Miss. de Witte Fasc. 45, 34; 
Villiers, 1948, Faune Emp. frang. 9, 59. 

Males and females were collected in open bush country and also on lush vegetation 
in a clearing in a Hucalyptus plantation where they were resting on plants or flying 
in the sunshine. The localities where this species was found varied in altitude 
from about 3,000 to 5,000 ft ; Monarch Mine, Selukwe. 

The ova are deposited in a mass and lightly covered with glutinous matter. 


BIOLOGY OF THE REDUVIIDAE OF SOUTHERN RHODESIA. 611 


Ovum (fig. 34.4). Chorion brownish yellow; differentiated portion of chorion 
and operculum wax-white. Cylindrical, feebly curved on one side and straight on 
opposite side. Differentiated portion of chorion with reticulate foundation and 
with the apical margin oblique and curved inwards. Operculum (fig. 34 B) a circular 
concave disc with a moderately long sub-cylindrical median process which projects 
just beyond the apical margin of the differentiated portion which is emarginate. 
1-90 mm. 

Incubation period fifteen days. 

lst instar. Basal segment of antennae pale yellow strongly suffused with piceous 
in basal half ; segments 2 and 3 piceous ; segment 4 pale reddish yellow. Head, 


Fig. 34. 
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Rhinocoris venustus (Stal.) A. Ovum. B. Operculum. 


body and femora black. Abdomen with pale yellow connexival spots and some 
pale yellow spots mid-dorsally ; meso- and metasternum whitish medially. Tibiae 
pale yellow suffused with piceous basally ; tarsi pale yellow suffused with piceous 
apically. Long, capitate glandular setae present on head, body and femora, and 
similar setae on tibiae but much shorter. 

Adult. (Pl. VII, figs. 4, 4a). Black. Propleural epimeron, annular area on 
posterior lobe of pronotum red. Connexivum with pale yellow spots. Abdomen 
dorsally and ventrally black, except pygophore, reddish yellow. Corium black ; 
membrane dark infumate. Wings infumate, iridescent. Abdomen in female 
entirely black. 

This is a somewhat variable species as regards its colour. The pattern on the 
posterior lobe of the pronotum, the connexivum and the pygophore may be red 


or reddish yellow. 


Rhinocoris odziensis Miller. 
Rhinocoris odziensis Miller, 1950, Proc. zool. Soc. Lond. 120, 244. 


This species was collected in grass areas (Jan. & Feb.) ; Odzi. 
The ova are deposited in masses containing numbers varying from thirty to forty. 
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- Ovum (fig. 35.4). Chorion brownish yellow, very narrowly brown apically ; 
differentiated portion white. Cylindrical, feebly curved; glabrous; surface of 
chorion minutely reticulate. Operculum (fig. 35 B), a concave disc with the median 
process fimbriate apically ; differentiated portion reticulate, constricted basally 
just beyond middle. 2-00 mm. 

lst instar (fig. 350). Segments 1-3 of antennae, base of segment 4, narrowly, 
anteocular, apical half of femora, basal half of tibiae, tarsi, dorsal plates dark 
piceous. Remainder of head, body, basal half of femora, apical half of tibiae 
brownish yellow suffused with piceous. Abdomen basally, dorsally with a narrow, 
median, longitudinal white stripe. Remainder of apical segment dull red. Eyes 
dark red. 2-00 mm. 


Rhinocoris odziensis Miller. A. Ovum. B. Operculum. C. Ist instar larva. 


2nd instar. Eyes dark red. Antennae dull yellow, strongly suffused with 
piceous, except apical segment reddish, narrowly piceous basally. Head and 
thorax dull yellow, suffused with piceous. Meso- and metanotum with a narrow 
median, longitudinal whitish stripe. Abdomen dark brown, narrowly yellow 
sub-laterally on segments 1-6; connexivum whitish yellow with narrow, inter- 
segmental brown stripes; mid-dorsally on segments 1-3 with a moderately wide 
pale yellow stripe. Legs piceous. 

Adult. (Pl. VII, figs. 6, 6 a, 6 6.) 


Rhinocoris nemoralis Miller. 


Rhinocoris nemoralis Miller, 1950, Proc. zool. Soc. Lond. 120, 245. 
Males and females collected on low vegetation growing under a fairly dense 
stand of Brachystegia sp ; Mt. Mienji, Odzi. 
Two batches of ova containing 24 and 46 respectively were obtained. The 
ova in the mass are covered with a copious quantity of yellowish viscid substance. 
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Ovum (fig. 36 A). Chorion brownish yellow ; apical margin narrowly dark brown, 
differentiated portion whitish. Cylindrical, feebly curved, smooth shining ; upper 
margin of differentiated portion irregularly rounded and undulate ; laterally with 
shallow longitudinal sulci ; operculum (fig. 36 B), with produced marginal portion 
constricted beyond middle and minutely longitudinally reticulate ; upper surface 
convex, minutely reticulate and with a circular group of fused fimbriae medially. 
2-00 mm. 

Incubation period ten days. 

lst instar (fig. 36.c). Yellowish, strongly infumate. Segments 1-3 of antennae 
yellowish infumate; segment 4 reddish, basally infumate. Vertex and tylus 
blackish. Meso- and metanotum with a median, longitudinal narrow whitish 


Fig. 36. 


Rhinocoris nemoralis Miller. A. Ovum. B. Operculum. C. Ist instar larva. D. 2nd instar larva. 
E. 4th instar larva. 


stripe. Femora apically, tibiae basally broadly black. Abdomen reddish yellow 
dorsally, with pale yellow sub-lateral stripe; ventro-laterally reddish yellow ; 
mid-ventrally pale yellow; apical segments and dorsal plates blackish. Dorsal 
plates elliptical, narrowly rounded laterally. Head and thorax dorsally with a 
few capitate glandular setae. Legs with a few long slender setae and many 
moderately long, capitate glandular setae. Striae in prosternal furrow visible 
under high magnification. 2-00 mm. 

Immediately after ecdysis the head, nota and pleura are pale yellow, the abdomen 
dorsally and ventro-laterally black ; remainder of abdomen whitish. Legs pale 
crimson. Meso- and metasternum whitish with anterior margin black. Larvae 
in this instar secreted freely a greenish yellow viscid substance similar to that 
observed on the ova. 
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2nd instar (fig. 36D). Segment | of antennae dark testaceous suffused with 
black basally ; segments 2 and 3 piceous; segment 4 dull reddish suffused with 
piceous basally. Head and nota testaceous suffused with piceous particularly 
the epicranium ; inter-segmental membrane of meso- and metanotum, segments 
1-3 of abdomen narrowly mid-dorsally white. Abdomen dorsally piceous with an 
irregular pale testaceous area sub-laterally and a narrow dark ferruginous stripe 
laterally ; external margin pale stramineous. Sterna and abdomen. ventrally 
whitish ; sterna with an irregular transverse blackish stripe anteriorly. Abdomen 
ventro-laterally broadly blackish. Femora black; tibiae and tarsi piceous. 
Head, nota and legs with glandular setae. Abdomen with two long slender setae 
‘on dorsal plates and on apical segments. 4-00 mm. 

4th instar (fig. 368). Black, except connexivum, meso- and metasternum and 
abdomen ventrally, white. 

Adult. (Pl. VII, fig. 5.) 


Rhinocoris nebulosus Miller. 
Rhinocoris nebulosus Miller, 1950, Proc. zool. Soc. Lond. 120, 246. 


One male collected on grass (Mar.) ; Odzi. 
Adult. (Pl. VIL, fig.9.) 


Rhinocoris vitticollis Miller. 
Rhinocoris vitticollis Miller, 1950, Proc. zool. Soc. Lond. 120, 243. 

Males and females collected in grass areas and also on a species of Leguminosae 
(Vetch), with small pink flowers (Nov. and May). These plants were visited by 
bees and butterflies and were also frequented by other species of Rhinocoris ; 
‘Odzi. 


The ova are deposited in batches containing thirty or more. 


Rhinocoris vitticollis Miller. A. Ovum. B. Ist instar larva. 


Ovum (fig. 37.4). Chorion brownish yellow, darker apically; differentiated 
portion wax-white. Cylindrical, feebly curved; surface of chorion glabrous, 
minutely reticulate; upper margin oblique; upper margin of differentiated 
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portion irregular, feebly incurved ; operculum a circular disc, strongly concave on 
lower surface ; differentiated portion with irreguiar, elongate cavities laterally, 
externally. Amount of glutinous substance secreted by the female at the time 
of oviposition apparently meagre. 

lst instar (fig. 37 B). Antennae, except apical segment, head, except ventrally, 
body and legs, dark piceous ; femora paler in basal half. Apical segment of 
antennae reddish, narrowly piceous basally. Head ventrally dull yellow. Meso- 
and metanotum and basal segments of abdomen with a narrow, median, longitudinal 
whitish stripe. Abdomen brown, somewhat darker apically and very pale ventrally;. 
laterally narrowly yellow. 2-30 mm. 

Adult. (Pl. VII, figs. 11, 11a.) 

Adults in captivity fed on honey-bees and Clerid beetles. A yellow and black 
Lycus sp. was refused. Captured adults placed together in one receptable were 
noted on one occasion to attack and kill each other. The bite of this species is. 
moderately painful. 


Rhinocoris rapax (Stal), var. picturatus (Distant). 


Rhinocoris picturatus (Distant), 1903, Ann. Mag. nat. Hist. (7) 11, 205 (Harpactor) ; Jeannel, 1919, 
Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 288, (Harpactor sub-gen. Harpiscus rapax 
var.) ; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2,1, 176; Villiers, 1948, Faune 
“Emp. franc. 9, 65. 

Apparently not an abundant species; Myanga, Salisbury, Odzi. Ova were 

deposited in a mass on a twig by a female in the laboratory, the mass containing 20. 

Ovum (fig. 384). Chorion light brown; differentiated portion wax-white. 

Cylindrical, somewhat narrowed towards apex ; operculum with a median process, 

rounded apically. A moderate quantity of glutinous substance on chorion. 

1-50 mm. 

Incubation period thirteen days. 

lst instar (fig. 38 B). Antennae stramineous; segment 1 somewhat infumate 
basally. Eyes dark red. Head and thorax infumate; clypeus and juga much 
darker. Abdomen stramineous, infumate. Tibiae and tarsi stramineous; tibiae 
broadly piceous basally ; femora stramineous; anterior femora broadly piceous 
apically and with a median brown annulation; median and posterior femora 
similar but with two brown annulations. Head and thorax with a few, legs with 
many glandular setae. 1:50 mm. | 

2nd instar (fig. 38.c). Head and body piceous. Abdomen with white setigerous. 
tubercles laterally. Antennae pale brownish yellow with the base and apex of 
segment 1 narrowly, segment 2 almost entirely, apex of segment 3 and base of 
segment 4 piceous. Legs yellow; femora with the apex broadly black and with 
two ferruginous annulations ; tibiae broadly black basally and narrowly infumate 
apically ; tarsi infumate. Setae pale fulvous and whitish. The most striking 
features of the larva in this instar are the abundant glandular setae which are 
sometimes thickened apically, and the six spherical tubercles bearing glandular 

setae on the abdomen laterally. . 

Adult. (Pl. VIII, fig. 7.) Antennae piceous. Head black; juga and ventral 
surface greyish white. Anterior lobe of pronotum reddish yellow and with a median 
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and basal transverse stripe black ; posterior lobe and collar greyish white. Scutel- 
lum black, greyish white in apical half. Corium dark reddish yellow with a median 
black spot ; membrane infumate. Pleura greyish white with a short black stripe 
between episternum and epimeron; meso- and metapleura black anteriorly ; 
prosternum greyish white; meso- and metasternum black; posteriorly metasternum 
greyish white. Abdomen greyish white; connexivum with a black spot sub- 


Fig. 38. 


Rhinocoris rapax (Stal) var. picturatus (Distant). A. Ovum. B. Ist instar larva. C. 2nd instar larva. 


basally on segments 3-7 and apical half of segments 5-7 yellow; ventrally with 
narrow transverse black stripe on each segment basally. Tibiae black; femora 
reddish yellow basally, partly black in apical two-thirds ; posterior femora with a 
narrow white annulation within black area. Pygophore with a black spot 
laterally. 

In captivity. an adult fed on a Syntomis atricornis Wallg. (Lepidoptera— 
Syntomidae). 


Rhinocoris neavei (Bergroth). 

Rhinocoris (Diphymus) neavei (Bergroth), 1912, Ann. Mag. nat. Hist. (8) 10, 196 (Harpactor) ; Jeannel, 
1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 281; Schouteden, 1932, Ann. Mus. 
Congo Belge Zool. (3) Sect. 2, 1, 175. 

A few individuals of both sexes were collected mainly in open bush, but on 
one occasion a male was captured in a clearing in a Eucalyptus plantation. Groups 
of 6, 16, 18, 52 and 61 ova were obtained from one female and 16, 52 and 61 from 
another ; Monarch Mine, Odzi, Umtali, Selukwe. 

Ovum (figs. 39 Aand c). Pale brownish yellow ; differentiated portion of chorion 
white. Cylindrical ; surface of chorion minutely reticulate ; differentiated portion 
about one-third as long as chorion ; operculum (fig. 39 B) a circular disc with the 
median process wide in the basal 4th, then constricted and regularly cylindrical 
at apex. The entire median process and filaments are concealed by the differentiated 
portion of chorion before eclosion. 3-00 mm. 

2nd instar (fig. 39D). Head and thorax piceous; abdomen whitish suffused 
with brown and with a short, median, longitudinal whitish stripe basally. 2-00 mm. 
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3rd instar. Similar to the 2nd instar but the rostrum, base of head light brown ; 
tibiae and tarsi light brown. Glandular setae present, those on abdomen very long. 

4th instar (fig. 39 ©). Head, thorax and femora black; antennae and tibiae 
piceous. Abdomen black; connexivum pale reddish yellow with black spots ; 
dorsally with a narrow median, longitudinal white stripe extending to the 4th 
segment and on segment 7. Sterna and abdomen ventrally black with dense 
white tomentose setae. Dorsal plates relatively small, elliptical and with two 
moderately long setae. Segments 1 and 2 of abdomen with a small sclerotized 
area bearing a seta sub-dorsally. Stridulatory furrow with well-developed striae. 
7°00 mm. 

Adult. (Pl. VII, figs. 9, 9a.) Antennae, head and anterior lobe of pronotum, 
scutellum, pleura, sterna, black. Posterior lobe of pronotum fulvous; greater 
part of postero-lateral margins black. Corium, except clavus, reddish; clavus 


Fig. 39. 


Rhinocoris neavei (Bergroth). A. Ovum. B. Operculum. C. Mass of ova. D. 2nd instar larva, 
KE. 4th instar larva. 


and membrane infumate with a coppery lustre. Abdomen pale yellow or whitish 
yellow ; connexivum with a black spot on each segment basally ; ventrally and 
laterally suffused with piceous and mid-ventrally with suffused piceous spots ; 
inter-segmentally with a narrow piceous stripe interrupted medially. Legs reddish 
brown; femora with a median broad black annulation. Head sparsely, thorax 
and abdomen ventrally, except connexivum, and small sub-circular areas laterally 
with dense, fulvous long, adpressed setae. 

A female collected in the field was given a Stilbum sp. (Hymenoptera—Chrysidae) 
The wasp was immediately seized, but it managed to release itself. It was seized 
again by the reduviid, which, after about four minutes, during which it endeavoured 
to find a suitable spot to insert its mouth-parts, was able finally to pierce the 
abdomen of the wasp between the ventral sclerites. At the start of the attempt 
to seize the wasp, the reduviid grasped it by the anterior and median tibiae. 
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The wasp then bent itself so that its head came into contact with the abdomen, 
to protect the more vulnerable lower surface of that part. 

Two hours after the wasp had been killed, the reduviid withdrew its mouth-parts. 
and reinserted them through the cervical membrane, and, approximately two 
hours afterwards the wasp was still hanging on the rostrum of its captor. 


Rhinocoris violentus (Germar). 

Rhinocoris (Chirillus) violentus (Germar), 1837, Silberm. Rev. ent. 5, 126 (Harpactor) ; Stal, 1865, Hem. 
Afr. 3, 82 (Reduvius) ; 1874, Enum. Hem. Pt. 4, 38; Reuter, 1881, Acta Soc. Sei. fenn. 12, 24 
(Chirillus) ; disciventris Herrich-Schaeffer, 1848, Wanz. Ins. 8, 856: natalensis Stal, 1855, Oefv. 
Vetensk-Akad. Férh. 12, 42; Distant, 1903, Ann. S. Afr. Mus. 3,51 (Harpactor) ; Jeannel, 1919. 
Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 290 (Harpactor) ; Hesse, 1925, Ann. S. Afr. Mus. 
23, 120; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 179. 


Males and females have been collected in various localities but mostly in open 


erass-land or bush. There is some doubt in my mind as to the correct identity of 


the specimens collected, for among them may be seen variations in coloration 
and structure both of the body and the genitalia. Further investigations may 
show that more than one species has been included under violentus ; Matopos, 
Bulawayo, Gwaai, Salisbury, Balla Balla, Zimbabwe, Odzi. 


Fig. 40. 


Rhinocoris violentus (Germar). A. Ovum. B. Operculum. C. 2nd instar larva. 


The ova are deposited in masses of varying numbers, an average being about 
thirty. : 

Ovum (fig. 40 A). Dark brownish yellow ; differentiated portion of the chorion 
white. Cylindrical, feebly curved with two elongate shallow depressions on one 
side; narrowed feebly towards apex; surface of chorion minutely punctate. 
Differentiated portion of the operculum (fig. 40 6), with moderately long, narrow 
filaments ; median process short, irregularly cylindrical ; upper surface of operculum 
reticulate. 2°00 mm. 

A moderate quantity of glutinous substance is spread over the ova by the female. 
Incubation period twenty-five days. 
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Ist instar. Head and abdomen yellowish. Postocular, thorax, legs, segments 
1-3 of antennae pale piceous. Abdomen laterally brown with a pale mid-dorsal 
longitudinal piceous stripe from 2nd segment; apical segments piceous, glabrous. 
Apical segment of antennae reddish yellow. 

2nd instar (fig. 40.c). Apical segment of antennae reddish ; remaining segments 
piceous. Eyes black. Head and body dark yellow or reddish yellow. Head 
with piceous areas on vertex. Nota almost entirely suffused with piceous. Abdo- 
men with pale, longitudinal mid-dorsal and lateral piceous stripes ; dorsal plates 
and apical segments of the abdomen piceous. Dorsal plates on segments 1-7, 
those on segments 3-5 with ostioles. Legs with abundant glandular setae. 

Adult. (Pl. VIII, fig. 10.) Segments 1 and 2 of antennae black; remaining 
segments dark broéwn. Eyes, head black, except anteocular laterally, ventrally 
and ventro-laterally, basally pale yellow. Segments | and 2 of rostrum yellowish ; 
segment 2 in apical half, segment 3 piceous. Anterior lobe of pronotum black 
with apex of lateral projections of collar and two crescentic spots sub-dorsally, 
basally pale yellow ; posterior lobe dark brown, fuscous sub-laterally ; laterally 
and posterior margin pale yellow. Propleura, sterna pale yellow, the former 
with a small black spot; meso- and metapleura shining black; acetabula pale 
yellow. Abdomen dorsally black, ventrally pale yellow and with five black spots 
sub-laterally ; each segment of connexivum with a black spot in basal half. Corium 
reddish brown, narrowly pale yellow basally and suffused with black apically. 
Membrane and wings infumate. Tibiae and tarsi piceous or black; femora and 
-coxae pale yellow ; femora black apically and coxae with a black spot. A female 
was captured on one occasion feeding on a larva of Maphyteus baccatus. 
(Orthoptera—Acrididae. ) 


Rhinocoris vulneratus (Germar). 

Rhinocoris (Taeniorphus) vulneratus (Germar), 1837, Silberm. Rev. ent. 5, 126 (Harpactor) ; syn. venans 
Stal, 1855, Oefv. Vetensk-Akad. Porh. 12, 42 (Sphydrinus) ; stali, Schouteden, 1910, in Sjéstedt’s 
Kilim. Meru Exped. 149 (Rhinocoris). 

Collected on grass and low plants (Mar. May). ‘The ova are deposited in masses, 
some of which, obtained from females in the laboratory, contained 9, 16 and 18 ova. 
Occasionally ova were deposited singly on account of the female being interrupted 
in the act ; Mazoe, Selukwe, Zimbabwe, Umtali. 

Ovum (fig. 41 4). Dark brown; differentiated portion of the chorion white. 
‘Cylindrical; surface of chorion minutely shagreened with a dull shine; upper 
surface of operculum irregularly reticulate with short, somewhat thick irregular 
processes some of which fused apically. 1-70 mm. 

lst instar (fig. 41 B). Piceous; median and posterior femora with a faint median 
whitish annulation; tarsi whitish. Head, body and legs with long glandular 
setae; legs also with simple setae. Dorsal plates elliptical feebly elevated. 
2-00 mm. 

2nd instar (fig. 410). Head, thorax, abdomen ventrally piceous; abdomen 
dorsally pale piceous basally, darker apically ; connexivum with piceous spots. 
Femora piceous ; median and posterior femora with a pale median annulation ; 
tibiae light brown with a sub-basal piceous annulation ; tarsi whitish. 
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3rd mstar, Similar to 2nd instar except that the median and posterior femora 
have a sub-basal whitish annulation. Abdomen ventrally with a purplish white 
suffusion, mainly basally. Antennae brown; segments 3 and 4 darker basally. 

4th instar. Black; connexivum with whitish spots; median and posterior 
femora with a median pale annulation ; posterior femora suffused with whitish. 


Fig. 41. 


Rhinocoris vulneratus (Germar). A. Ovum. B. Ist instar larva. C. 2nd instar larva. 
D. 5th instar larva, 


_ brown basally ; tibiae light brown with a sub-basal piceous annulation. Segments. 
1 and 2 of rostrum whitish brown; base and apex of segment 1 dark brown ;. 
segment 3 piceous. Meso- and metanotum with a median, longitudinal white stripe. 

5th instar (fig. 41D). Black, glabrous. Basal segment of antennae whitish 
brown, black basally and with a darker brown annulation sub-apically ; segment 2 
light brown in basal half, black in apical half; segments 3 and 4 light brown.. 
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Femora black ; median and posterior femora with two pale yellow annulations ; 
tibiae whitish, basally brown and with a sub-basal black annulation. Connexivum 
dark yellow with black spots. 5-00 mm. 

Adult. (Pl. VII, figs. 8, 8a.) Antennae, head, except rostrum, thorax, except 
posterior lobe of pronotum, black. Rostrum light brown suffused with piceous 
apically. Posterior lobe of pronotum light brown with dense fulvous pubescence. 
Corium reddish brown except clavus, infumate; membrane infumate with a 
coppery lustre. Abdomen dorsally piceous ; ventrally whitish yellow with brownish 
suffusion sub-laterally and a transverse black stripe at base of each segment ; 
pygophore reddish yellow. Legs reddish brown. 


Rhinocoris segmentarius (Germar). 


Rhinocoris segmentarius (Germar), 1837, Silberm. Rev, ent. 5, 125 (Harpactor) ; Stal, 1865, Hem. Afr. 8, 
79 (Reduvius) ; 1874, Hnum. Hem. Pt. 4, 38 (Reduvius sub-gen. Diphymus) ; Walker, 1873, 
Cat. Hem. Het. Brit. Mus. 8, 100 and 102 (Harpactor) ; Carlini, 1895, Ann. Mus. Stor. nat. Genova 
35, 115 (Reduvius sub-gen. Diphymus) ; Schouteden, 1910, in Sjéstedt’s Kilim. Meru Exped. 148 ; 
Jeannel, 1919, Résult. sci. Voy. ‘Alluaud et Jeann. Afr. or. (Hem.) 283; Hesse, 1925, Ann. S. 
Afr. Mus. 23, 120; Schumacher, 1928, Denkschr. med.-naturw. Ges. Jena 5, 74 (Harpactor) ; 
Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 177 (Rhinocoris) ; 1944, Haxplor. 
Parc nat. Albert Miss. de Witte, Fasc. 45, 33; Villiers, 1948, Faune Emp. franc. 9, 71. 

A widely distributed and abundant species, inhabiting mostly open bush 
country but is often seen on cultivated plants in gardens. A wild plant on which it 
was frequently seen was a species of vetch with small pinkish flowers. These 
flowers were often visited by bees and other insects, the former appearing to be 
especially sought after by this species. In gardens, I have taken this species as 
it was lying in wait for prey on Coreopsis on the bright yellow colour of which the 
red of the reduviid stood out very conspicuously. It is most abundant during 
the warm months of the year, but has also been seen in April and June ; Sawmills, 
Bulawayo, Vumba Mts., Gatooma, Salisbury, Lomagundi, Odzi. 

Adults kept in captivity have accepted as food, honey-bees, a larger species of 
bee with a dark yellow abdomen, Clerid beetles, a Buprestid beetle—Amblysterna 
sp., and a Melyrid beetle with orange abdomen and metallic green elytra. 

The ova are deposited in masses containing varying numbers. 

Ovum (fig. 42 4). Chorion pale brownish yellow with the apical margin blackish ; 
differentiated portion wax-white. Cylindrical, feebly curved, rounded basally, 
somewhat oblique apically ; differentiated portion somewhat thick with the apical 
margin incurved ; surface of chorion sub-glabrous ; operculum (fig. 42 B) a circular 
disc with a cylindrical process, constricted medially ; surface sulcate carinate ; 
upper margin expanded and curved downwards, finely reticulate ; apical margin 
of process with many fine filaments expanded basally. 2-70 mm. 

lst instar (fig. 42.c). Piceous, glabrous; rostrum pale stramineous ; abdomen 
mid-dorsally with a median, longitudinal white stripe on segments 1-3 ; laterally 
pale; femora pale piceous, darker apically; tibiae dull stramineous, piceous 
basally ; tarsi piceous. Body and legs with glandular setae. 3-00 mm. 

2nd instar (fig. 42 D). 

5th instar. Black. Connexivum with pale reddish or yellow triangular spots 
with the apex of the inner angle truncate. Head and thorax with greyish adpressed 
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pubescence. Segments 1-3 of abdomen mid-dorsally with a very narrow, median, 
longitudinal white stripe. 13°50 mm. 

Adult. (Pl. VIII, figs. 4, 4a, 5, 5a, Pl. IX, fig. 10.) Segments 1 and 2 of 
antennae black; segments 3 and 4 piceous. Head, anterior lobe of pronotum, 
scutellum, pleura, sterna, legs black. Abdomen dorsally and ventrally, except 
apical segments and connexivum, black; connexivum yellow, narrowly black 
between all segments except 6 and 7; pygophore reddish yellow. Posterior lobe 
of pronotum light red with postero-lateral area black. Corium light red, except 
clavus and area between clavus and principal vein dark olivaceous with a coppery 
lustre; apical half of costa of corium suffused with black; membrane dark 
olivaceous with a coppery lustre. Wings infumate. Head, particularly the 


Fig. 42. 


Rhinocoris segmentarius (Germar). A.Ovum. B. Operculum (part of differentiated portion of chorion 
removed). C. Ist instar larva. D. 2nd instar larva. 


interocular region, anterior lobe of pronotum, scutellum, pleura, sterna with 
dense tomentose pale fulvous pubescence and sparse pale fulvous setae ; posterior 
lobe of pronotum with short, somewhat thick, pale fulvous setae in small groups 
and with longer slender setae of same colour. Corium with dense, short, recumbent, 
pale fulvous setae. Abdomen with moderately dense adpressed pale fulvous setae 
particularly sub-laterally ; connexivum with moderately long sparse pale fulvous 
setae on external margin. Legs with sparse pale fulvous or greyish setae. 

The coloration of the female is similar except that the apical ventral segments 
of the abdomen are black and the connexival segments have a quadrate black 
spot. A variety with the connexivum white was also collected but it was not 
abundant. This and the normally coloured individuals copulated freely. 
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Rhinocoris albopunctatus (Stal). 


Rhinocoris albopunctatus (Stal), 1855, Oefv. Vetensk-Akad. Férh. 12, 43 (Harpactor) ; 1865, Hem. Afr. 3, 
81 (Reduvius) ; 1874, Enum. Hem. Pt. 4, 38 (Reduvius sub-gen. Diphymus); Walker, 1873, 
Cat. Het. Hem. Brit. Mus. 8, 100 and 102 (Harpactor) ; Distant, 1903, Ann. S. Afr. Mus. 3, 45 
(Harpactor) ; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) (Harpactor sub-gen. 
Diphymus), 281 ; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 171 (Rhinocoris) ; 
Villiers, 1948, Fawne Emp. frang. 9, 64. 

This abundant and widely distributed species has been captured mostly in open 
bush country on grasses and low vegetation during the warm months. Occasionally 
adults were found during the cold season. It frequents gardens also and when in 
wait for prey naturally prefers to take up a position on flowers to which insects, 
such as honey-bees, are likely to be attracted. It is noteworthy that when in 
such situations the reduviid does not attempt to conceal itself although its body 
colour contrasts strongly with that of the flower, a bright yellow Coreopsis or 
Zinnia of various shades of red; Balla Balla, Hartley, Shamva, Sebungwe, 
Gatooma, Sawmills, Salisbury, Odzi, Victoria Falls, Umtali. 


Rhinocoris albopunctatus (Stal). A. Ovum. B. Ist instar larva. 


On a few occasions adults have been captured feeding on insects besides honey- 
bees, these insects being ants, Clerid and Melyrid beetles. Once a male adult 
was found on an egg-mass of its own species which it was probing with its mouth- 
parts and was apparently about to devour the contents of the eggs. This mass 
contained 108 ova many of which had been parasitized by a hymenopteron. 
(Telenomus vphias Nixon, Scelionidae). 

In the laboratory adults were provided with various kinds of insects including 
Muscidae, Drosophilidae, Chrysidae, but honey-bees were the most acceptable kind. 
On the many occasions that R. albopunctatus has been observed to catch a honey-bee, 
not once has the bee been able to protect itself with its sting. 

The ova are deposited in groups and those forming the outside row are covered 
with a moderate amount of glutinous substance. 

With regard to the number of ova in a mass, this, of course, varies and may be 
as few as ten or may exceed one hundred. In the British Museum collection 
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there is a mass containing approximately 290 ova all of which were presumably 
deposited by a single female at one time, for there appears to be no break in the 
regularity with which they are arranged. The mass is stuck to a twig and the 
ova are in rows of four or five each. 

Ovum (fig. 43 A). Pale yellowish with the differentiated portion of chorion 
operculum white. Cylindrical, rounded basally, feebly curved; glabrous ; oper- 
culum a circular disc, concave on lower surface with the differentiated portion 
strongly constricted basally, reticulate with the areolets rounded ; median process 
a low irregular elevation. 2-30 mm. 

lst instar (fig. 438). Dark piceous, glabrous. Apical segment of antennae 
reddish yellow. Pronotum narrowly white laterally. Abdomen dorsally somewhat 
paler than remainder of body. 2-50 mm. 

5th instar. Black, glabrous with an ovate spot on rudimentary hemelytra, 
parts of pleura, sterna and an elongate spot between rudimentary hemelytra 
white. These white spots, it should be noted, are pigmentary spots and not 
wax-like secretion. Dorsal plates black with a lateral setigerous tubercle. 
Most of the setae of the glandular type and the secretion yellowish green. 
11-00 mm. 

Adult. (Pl. VII, fig. 8.) Black, glabrous. Connexivum white with suffused 
reddish spots and inter-segmental black spots. Body with areas of white wax-like 
secretion. On the posterior lobe of the pronotum and the corium the secretion 
is in the form of small granules. Legs with abundant secretory hairs, the 


secretion from which is greenish-yellow and remains viscid long after the insect 
is dead. 


Rhinocoris erythrocnemis (Germar). 

Harpactor erythrocnemis Germar, 1837, Silberm. Rev. ent. 5, 125; Harpactor patruelis Stal, 1855, 
Oefv. Vetensk-Akad. Férh. 12, 42; Reduvius erythrocnemis Stal, 1865, Hem. Afr. 79; Reduvius 
(Diphymus) erythrocnemis, Stal, 1874, Enum. Hem. Pt. 4, 28; Distant, 1903, Ann. S. Afr. Mus. 8, 
45 (Harpactor); Schouteden, 1910, in Sjéstedt’s Kilim. Meru Exped. 147; 1932, Ann. Mus. 
Congo Belge Zool. (3) Sect. 2, 1, 172. 

I have examined a fairly large number of specimens from various localities in 
South Africa including the Chirinda Forest, Sawmills, Selukwe, Salisbury, Umtali 
and Odzi districts in Southern Rhodesia, the Transvaal and also from Nyasaland, 
all apparently varieties of erythrocnemis. The coloration, except of the tibiae, 
is fairly constant, these varying from pale yellow to reddish yellow to reddish 
brown with the base darker. Structurally the only differences I could detect 
were in the thickness of the anterior tibiae, the shape of the prominences on the 
anterior lobe of the pronotum and in the male genitalia, but these differences 
were so unstable as to preclude the desirability of giving a sub-specific name to 
the specimens from the localities referred to. One species named by Distant 
pulvisculatus from Transvaal also appears to be a variety of erythrocnemis. It is 
considered that a good deal more investigation into the matter is required before 
a definite statement may be made as to the status of the specimens collected in 
the localities in question. 

Specimens of two colour varities were taken on several occasions in bush country 
and also in gardens when they were often seen on the flowers of Zinnia and Petunia. 
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In common with other Rhinocoris, these seem to have a predilection for honey- 
bees. 

If handled aie due care both adults and larvae of this species bite readily, 
the bite being followed by the usual effects, namely aching, irritation and hardening 
of the area surrounding the site where the mouth-parts were inserted. 


Fig. 44. 


Rhinocoris erythrocnemis (Germar). A. Ova. B. Opercula. C. Istinstarlarva. D. 3rd instar larva. 
EK. 5th instar larva. 


Captured individuals oviposited freely, the ova being arranged in groups, 
containing 25-40. The incubation period was about fourteen days. 

When available, honey-bees were given to adults which also would pis other 
insects and larvae were fed mostly on Drosophilidae. 

Ovum (fig. 44.4). Pale yellowish ; differentiated portion of chorion wax-white. 
Cylindrical, feebly curved and narrowed towards apex; glabrous; operculum 
(fig. 44 B) with differentiated portion cylindrical, somewhat constricted medially, 
basally reticulate; medially irregularly sulcate carinate; apical margin with 
short, slender filaments ; micropyle with a few, short filaments. 3-00 mm. 

lst instar (fig. 44.0). Piceous, glabrous. Apical segment of antennae pale 
reddish yellow. Abdomen piceous but somewhat paler than rest of body ; dorsal 
plates piceous. Tibiae light brown, suffused with piceous basally. Head and 
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thorax with few, abdomen and legs with many glandular setae. Femora and 
tibiae minutely tuberculate. 3-00 m. 

2nd instar. Similar to Ist instar in coloration. 

3rd instar (fig. 44 A). Black, glabrous. Connexivum with white spots. Abdomen 
ventrally whitish with longitudinal piceous stripes. Head, body and legs with 
many glandular setae, those on body dorsally long. 5-00 mm. 

4th instar. Black, glabrous. Connexival spots whitish suffused with red ; 
meso- and metanotum, basal and apical segments of abdomen dorsally with a 
median, longitudinal whitish stripe. 

5th instar (fig. 44 £). Black, glabrous. Mesonotum to third segment of abdomen 
with a median, longitudinal white stripe. Connexivum whitish. Femora, apical 
segments of tarsi black ; tibiae dark brown, piceous basally. 13-00 mm. 

Striae are present in the stridulatory furrow in all instars. 

Adult. (Pl. VII, figs. 1, la.) Segments 1 and 2 of antennae black ; remaining 
segments brownish. Head, anterior lobe of pronotum, propleural episternum, 
scutellum, meso- and metapleura, sterna, abdomen, except connexivum, coxae, 
trochanters and femora black. Posterior lobe of pronotum, propleural epimeron, 
corium, except clavus, reddish. Postero-lateral angles of posterior lobe of prono- 
tum, apex of corium suffused with black. Clavus and membrane infumate with a 
faint bronzy lustre; wings infumate. Connexivum yellow with black spots. 
Tibiae reddish brown suffused with piceous basally and apically. 

A variety (Pl. VII, figs. 2, 2 a) has no black spots on the connexivum and the 
tibiae are reddish yellow, narrowly black basally and apically. Pubescence and 
setae in both varieties very pale fulvous. 


Rhinocoris dasynotum Miller. 
Rhinocoris dasynotum Miller, 1950, Proc. zool. Soc. Lond. 120, 248. 


A larva in the 4th instar (Dec.) and one in the 5th instar (Jan.) found on Hypar- 
vrhenia grass; an adult female also found in a similar situation feeding on a 
Macrosiagona sp. (Coleoptera—Mordellidae) ; Odzi. 

The coloration of both these larvae was identical. They were entirely black 
except rostrum and gula pale testaceous ; meso- and metanotum with a median 
longitudinal whitish stripe. Abdomen laterally faintly whitish. Pubescence 
greyish. 

The bite of these larvae caused considerable pain followed by swelling and 
irritation. Subsequently a blister formed at the site of puncture. 

Adult. (Pl. VII, fig. 7.) The following three species of Rhinocoris have also 
been reported from.S. Rhodesia :— 

Rhinocoris tropicus (H.S.), 1848, Wanzen. Ins. 8, 84; Mrewa, Salisbury. 

Rhinocoris tristis (Stal), 1855, Oefv. Vetensk-Akad. Forh. 12, 42; Salisbury, 
Hartley. 

Rhinocoris albopilosus (Signoret), 1858, in Thomson Arch. Ent. 320. No exact 
locality. 
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Aprepolestes plagiatus Miller. 
Aprepolestes plagiatus Miller, 1950, Proc. zool. Soc. Lond. 120, 249. 

Males and females collected by sweeping in grass areas (Dec. Feb.). A male 
was also collected in October and a female in July. From this female 20 ova were 
obtained. They were deposited in a mass; Umtali, Odzi. 

Ovum (fig. 45.4). Pale yellow; differentiated portion of chorion wax-white. 
Cylindrical, somewhat narrower at apex ; differentiated portion of operculum with 
the upper margin reticulate ; upper surface of operculum with a few short processes 
surrounding micropyle, external surface of differentiated portion irregularly 
reticulate, the reticulations long and narrow, except basally. 1-80 mm. Incubation 
period twenty-six days. 


Aprepolestes plagiatus Miller. A. Ovum. B. Ist instar larva. 


lst instar (fig. 45B). Yellow suffused with piceous. Eyes dark red. Apical 
segment of antennae reddish yellow. Dorsal plates sub-reniform bearing two 
long capitate setae. Abdomen dorsally with a moderately wide median longitu- 
dinal piceous stripe; segments. 8 and 9 shining piceous. Most of the setae, 
particularly on head and body, long and capitate. Striae in furrow not apparent. 
2:00 mm. 

Adult. (Pl. VI, fig. 4.) 


Lamotiellus pilosus Miller. 
Lamottellus pilosus Miller, 1950, Proc. zool. Soc. Lond. 120, 250. 

Males and females collected by sweeping in grass areas have been taken in the 
months December to February and also in July. A female was found on one 
occasion on the inflorescence of Mariscus (Gramineae), feeding on a small yellow 
and black Cerambycid beetle (Belpisanis sp.) ; Umtali, Odzi. 

An attempt at copulation by two males with one female was observed once 
and apparently the attempt was successful. 
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This species deposited ova singly ; this is probably the normal method. 

Ovum (fig. 46.4). Piceous, shining, paler near apical margin; differentiated 
portion of chorion white. Sub-ampulliform ; surface of chorion minutely reticulate ; 
differentiated portion with upper margin irregularly fimbriate. 2-00 mm. 

Incubation period eighteen days. 

lst Instar (fig. 46 B). Segments 1-3 of antennae piceous ; segment 4 reddish. 
Head, body, except abdomen, legs, shining yellow. Interocular, nota and pleura 
suffused with piceous. Abdomen reddish yellow ; dorsal plates piceous. Femora 


Fig. 46. 


Lamottellus pilosus Miller. A. Ovum. B. Ist instar larva. 


and tibiae infumate ; tarsi blackish. Eyes dark red. Thorax and legs moderately 
setose ; abdomen dorsally with moderately abundant long, slender setae. 2-50 mm. 
Adult. (PI. IX, figs. 6, 7.) 


Lamottellus niger Miller. 
Lamottellus niger Miller, 1950, Proc. zool. Soc. Lond. 120, 251. 

Several males but no females collected by sweeping in grass areas (Mar.). 
Presumably the female lives mainly in concealment at the base of grass or other 
plants; Odzi. 

Adult. (PI. VI, fig. 8.) 


Sphedanolestes insignis Miller. 
Sphedanolestes insignis Miller, 1950, Proc. zool. Soc. Lond. 120, 252. 


One female found on low grass in open bush (May); Victoria Falls. 
Adult. (Pl. VIII, fig. 3.) 


Sphedanolestes bimaculatus Miller. 
Sphedanolestes bimaculatus Miller, 1950, Proc. zool. Soc. Lond, 120, 253. 
A male captured in a garden (Jan.) and a female on low vegetation under a 
Brachystegia sp. ; Salisbury, Odzi. 
The ova are deposited in a mass with a very meagre amount of glutinous substance 
on them. 
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Ovum (fig. 47). Pale brownish yellow ; differentiated portion of chorion, oper- 
culum and process white; apex of chorion narrowly dark brown. Cylindrical, 
somewhat abruptly constricted apically and narrowly rounded basally ; glabrous. 
1-30 mm. 

Incubation period nine days. 

Ist instar. Pale yellow. Segments I-3 of antennae blackish ; segment 4 reddish. 
Kyes dark vinaceous. Vertex and tylus black. Epicranium, nota and abdomen 
with faint infumate suffusion. Femora black apically and with a pale vinaceous 
annulation medially ; tibiae pale greenish, black basally. Apical segment. of 
abdomen shining black. 1-50 mm. 

2nd instar. Similar in coloration to Ist instar but the abdomen has two 
narrow, longitudinal vinaceous stripes sub-laterally and is laterally whitish with 


Fig. 47. 


Sphedanolestes bimaculatus Miller. Ovum. 


elevated dark vinaceous spots. Dorsal plates and plates on segments 8 and 9, 
also apical segment of abdomen with long, slender setae. Postocular with 4, 
nota and legs with many glandular setae. 3-00 mm. 

Adult. (Pl. VIII, fig. 1.) 


Sphedanolestes nanus (Stal). 

Sphedanolestes nanus (Stal), 1855, Oefv. Vetensk-Akad. Férh. 12, 43 (Harpactor) ; 1865, Hem. Afr. 3, 90 
(Reduvius) ; 1874, Enum. Hem. Pt. 4,33; Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. 
(Hem.), 294; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 186; Villiers, 1948, 
Faune Emp. frang. 9, 89. 

A moderately abundant species in grass areas in open bush (Sept. and Feb.) ; 
Odzi, Bulawayo. Ova are deposited singly in small groups with a copious 
covering of glutinous substance. 

Ovum (fig. 48 4). Pale brownish yellow; operculum and opercular processes 
white. Cylindrical, narrowed somewhat apically, smooth, shining; operculum 
with irregular, anastomosing fimbriae. 1-20 mm. 

lst instar (fig. 48 B). Segments 1-3 of antennae infumate, apical segment dull 
reddish. Eyes dark red. Head and body yellowish infumate ; nota more strongly, 
abdomen less, infumate. Dorsal plates piceous. Legs yellow; femora apically, 
tibiae basally infumate; femora with a median, pale ferruginous annulation. 
Dorsal plates of unequal size, the plate on segment 4 somewhat flat, elliptical and 
about half the width of the plates on the other segments which are strongly convex. 
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Head with setigerous tubercles on epicranium behind eyes and sub-basally. Most 
of the setae of the glandular type. Femora apically, dorsal plate on segments 8 
and 9 with two long, slender setae. 1-20 mm. 

The secretion from the glandular setae is very copious and seems to accumulate 
mostly at the apex of the femora. 

2nd instar. Similar to Ist instar. 

Adult. (Pl. TX, fig. 5.) Segments 1 and 2 of antennae dark reddish brown ; 
segments 3 and 4 light brown. Head, except part of anteocular laterally and gula, 
except basally, thorax and legs black. Anteocular and gula whitish. Abdomen 
dorsally black ; remainder white ; external margin of connexivum narrowly black 


Sphedanolestes nanus (Stal). A. Ovum. B. Ist instar larva. 


and segments 5-7 dorsally with a transverse black stripe basally ; ventrally with 
a black stripe sub-laterally ; pygophore white ; harpagones piceous. 

A characteristic of the adult is the presence of a dense covering of white wax-like 
granular substance on pleura and sterna and a smaller amount on the transverse 
Sule of the pronotum and on the scutellum laterally. 


Cosmolestes pictus (Klug). 


Cosmolestes pictus (Klug), 1830, Symb. phys. (Reduvius) ; Stal, 1865, Hem. Afr. 3, 92 (Reduvius) ; 1866, 
Oefv. Vetensk-Akad. Férh. 28,285; Enum. Hem. Pt. 4, 32; Walker, 1873, Cat. Hem. Brit. Mus. 8, 
105 (Harpactor) ; Schouteden, 1910, in Sjéstedt’s Kilim. Meru Exped. 150 ; Jeannel, 1919, Résult. 
sci. Voy. Alluaud et Jeann. or. (Hem.) 296 ; Hesse, 1925, Ann. S. Afr. Mus. 23, 121 ; Schouteden, 
1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2,1, 193; 1944, Haplor. Parc nat. Albert Miss. de 
Witte, Fasc. 45, 41; Villiers, 1948, Fawne Emp. franc. 9, 101. 

Males were collected in August and December, females.in January, one of the 
latter‘on a yellow flower of Senecio sp. This individual was feeding on a honey-bee ; 
Sawmills, Matetse, Salisbury, Balla Balla, Lomagundi, Odzi, Victoria. Falls. 

Adult. (Pl. VIII, fig. 11.) Segments 1 and 2 of antennae piceous; segments 3 
and 4 reddish. Head black, except anteocular, gula, a large spot behind ‘eyes, 
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a small spot between ocelli, and a small spot sub-dorsally basally, white. Rostrum 
piceous with a whitish suffusion. Pronotum shining black, except postero-lateral 
margin yellow, a circular median and a large, sub-triangular spot sub-laterally 
white ; lateral angles of collar, an elongate spot on each side of mid-dorsum and 
an elliptical spot laterally white; propleura white with a branched area black ; 
meso- and metapleura black with white spots ; sterna white ; pro- and mesosternum 
anteriorly black. Scutellum black, with the apex of carina yellowish and expanded 
portion white. Corium dark yellow with elevated parts white and with a wide, 
transverse suffused blackish stripe; membrane pale testaceous. Wings pale 
testaceous. Abdomen dorsally yellow with a large dark red spot sub-laterally 
medially ; connexivum dark yellow with a black spot at base of each segment ; 
ventrally white, except pygophore dark yellow; sub-laterally with an undulate 
black stripe connecting with a narrow transverse black stripe. Femora yellow 
with the apex black enclosing a white spot ; tibiae and tarsi piceous. 


Bequaertidea consimilis Miller. 
Bequaertidea consimilis Miller, 1950, Proc. zool. Soc. Lond. 120, 255. 


Males and females collected by sweeping in long grass (Sept. and Dec.) ; Odazi. 

Several ova were deposited in small groups and were covered with a copious 
quantity “of glutinous substance. : 

Ovum (fig. 494). Dark piceous; differentiated portion of chorion white. 
Sub-ampulliform, glabrous. 1-00 mm. 


Fig. 49. 


Bequaertidea consimilis Miller. A. Ovum. B. Ist instar larva. 


lst instar (fig. 498). General coloration pale yellowish.: Legs dark vinaceous. 
Basal segment of antennae darker yellow suffused with piceous basally and 
apically ; segments 2 and 3, base of segment 4 piceous. Postocular infumate 
with a wide piceous stripe laterally and a T-shaped pale area medially. Vertex 
with dark brown V-shaped spot behind antennal tubercles. Nota marginally 
dark brown and with a dark brown median stripe, with a whitish stripe within it. 


4n2 
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Abdomen with an irregular blackish stripe dorso-laterally in basal half connecting 
with a large sub-circular reddish brown spot in apical half and with an irregular 
blackish stripe sub-laterally ventrally ; segments 8 and 9 dorsally shining piceous ; 
connexivum with raised circular piceous spots. Femora piceous apically and 
with piceous annulations ; tibiae black basally and with a narrow black annulation 
in basal third. Legs with sparse glandular setae. 2-30 mm. 


Adult. (Pl. VI, fig. 10). Closely resembles the following species but differs in 
the genitalia. 


Bequaertidea pusilla Miller. 
Bequaertidea pusilla Miller, 1950, Proc. zool. Soc. Lond. 120, 254. 


Adult. (Pl. VI, fig. 12.) Odzi, Oct. and Nov., swept from grass. Males 
and a female were taken by sweeping in grass (Oct.—Dec.). 


Callilestes bicolor Distant. 
Callilestes bicolor Distant, 1902, Ann. S. Afr. Mus. 2, 254. 

A male collected on a low bush in open bush country. It was feeding on a 
lepidopterous larva ; Umtali, Sawmills. 

Adult. (Pl. VI, fig. 9.) Antennae black. Head and rostrum black except base 
of head reddish yellow. Thorax and abdomen coral red. Legs paler red. 
Hemelytra black except basally and apically red. 

This species has some resemblance to a braconid. (Hymenoptera.) 


Callilestes gracilis Miller. 
Callilestes gracilis Miller, 1950, Proc. zool. Soc. Lond. 120, 258. 


A single male collected in open bush country (May) ; Victoria Falls. 
Adult. (Pl. VI, fig. 7.) 


Callilestes stigmatellus Distant. 
Callilestes stigmatellus Distant, 1902, Trans. Ent. Soc. London, 1902, 544. 
Salisbury. 


Peprius pictus Miller. 
Peprius pictus Miller, 1950, Proc. zool. Soc. Lond. 120, 256. 

A moderately abundant species which I have captured mainly by sweeping in 
grass areas during the months September to January. Specimens have also been 
found on flowers, for example, Coreopsis ; Odzi. 

The ova are deposited singly and are thinly coated with a glutinous substance. 

Ovum (fig. 50.4). Chorion dark brown; differentiated portion whitish ; oper- 
culum wax-white. Cylindrical, glabrous. 1-40 mm. 

lst instar (figs. 50B and c). Segment | of antennae pale yellow, black basally ; 
segments 2 and 3 infumate; segment 4 reddish yellow. Head pale yellow with 
infumate areas on clypeus and vertex; eyes dark ferruginous. Thorax greenish 
yellow with two white raised spots on pronotum and one white raised spot on 
meso- and metanotum; metanotum laterally white. Abdomen olivaceous with 
white spots laterally ; apical segments piceous. Legs pale yellow ; anterior femora 
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broadly black apically ; median and posterior femora suffused with dark brown ; 
all femora with two vinaceous annulations ; apical segment of tarsi suffused with 
piceous apically ; coxae pale green; tibiae piceous basally and with a sub-basal 
vinaceous annulation. 1-50 mm. 

5th instar (fig. 50 D). Segment 1 of antennae pale yellow, basally black ; segments 
2 and 3 infumate ; segment 2 faintly yellowish basally ; segment 4 reddish. Eyes 
black. Head, except rostrum, olivaceous with a narrow, diagonal white stripe 
along inner margin of eyes anteriorly and a white stripe on epicranium narrowing 
to base; from the anterior end of stripe a somewhat obscure narrow yellowish 
stripe extends to eyes; postocular laterally with an elevated white spot imme- 
diately behind eyes; gula and juga whitish green; rostrum pale stramineous ; 


Peprius pictus Miller. A. Ovum. B. Ist instar larva. C. Head of Ist instar larva, lateral view. 
D_ 5th instar larva. 


segment 1 with a brown spot apically laterally. Pronotum and abdomen green ; 
rudimentary hemelytra darker and with irregular brownish margins. Abdomen 
with very narrow, small white spots dorsally and ventrally ; mid-dorsally with a 
row of white spots of varied size; connexivum and abdomen ventro-laterally 
with elevated white spots. Femora pale yellow with dark ferruginous annulations 
and also longitudinal stripes laterally ; anterior femora broadly black apically ; 
median and posterior femora suffused with black apically; tibiae pale yellow, 
basally piceous and with a whitish annulation sub-basally from which extends 
along outer surface a narrow piceous stripe to apex ; tarsi yellow, strongly infumate. 
6°50 mm. 

Adult. (Pl. IX, fig. 15.) Segment 1 of antennae yellow, broadly black basally 
and apically ; segment 2 black; segments 3 and 4 reddish yellow. Head and 
metanotum greenish suffused with black. Head with a white spot along inner 
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margin of eyes and on vertex. Pronotum, pleura and abdomen ventrally pale 
green ; pronotum with a white tubercle anteriorly ; scutellum piceous with the 
apex and a median spot white and with an area of white wax-like substance 
laterally. Corium pale olivaceous ; membrane pale infumate. Legs pale yellow ; 
apex of anterior femora broadly black, of median and posterior femora narrowly 
black ; all femora with two narrow, black annulations and a narrow longitudinal 
black stripe ; tibiae black basally and with a sub-basal black annulation. Sterna 
and abdomen ventrally with many white spots. External margin of connexivum 
narrowly white with black spots. 


Moto rhodesianus Miller. 
Motor rhodesianus Miller, 1950, Proc. zool. Soc. Lond. 120, 257. 
A male and females captured flying or on low vegetation near mountain forest 
at an altitude of approximately 5,000 ft. (Dec.). ; Vumba Mts. 
Adult. (Pl. VIII, fig. 6.) 


Endochus curvidens Miller. 

Endochus curvidens Miller, 1950, Proc. zool. Soc. Lond. 120, 259. 

A larva in the 5th instar collected when grass was being swept (Oct.) ; Odzi. 

5th star. Antennae pale stramineous, infumate ; segments 1 and 2 suffused 
with reddish yellow apically. Eyes dark vinaceous. Head, thorax, legs pale 
stramineous. Head with infumate suffusion anteriorly and posteriorly. Propleura 
infumate ; pronotum with infumate spots. Rudimentary hemelytra with irregular 
piceous suffusion basally. Abdomen pale stramineous with irregular pale ferru- 
ginous spots on connexivum and small whitish spots dorsally ; dorsal plates 
blackish. Anterior and median femora with two, posterior femora with three 
interrupted black annulations ; tibiae with a faint sub-basal interrupted annula- 
tion ; apex of 3rd tarsal segment blackish. Legs with abundant glandular setae. 

Adult. (PI. VI, fig. 5.) 


Haematochares obscuripennis Stal. 


Haematochares obscuripennis Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 189; 1865, Hem. Afr. 3, 89 
(Reduvius) ; 1874, Enum. Hem. Pt. 4,31; Walker, Cat. Hem. Het. Brit. Mus. 8, 104 (Harpactor) ; 
Bergroth, 1892, Rev. Hnt. 11, 262; Haglund, 1894, Oefv. Vetensk-Akad. Férh. 52, 373; Schouteden, 
1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2,1, 198; 1944, Explor. Parc nat. Albert Miss. de 
Witte Fasc. 45, 41; Villiers, 1948, Fawne Emp. franc. 9, 111: H. violaceus, Fallou, 1891, Rev. 
Ent. 10, 9. 

During three years of collecting only one male was captured. This was taken 
at light at Odzi. 

Adult. (Pl. VI, fig. 1.) Antennae, eyes, tibiae, except base, mesosternum laterally 
stridulatory furrow and a large spot on vertex black. Corium black with greenish 
bronze lustre; membrane bluish black. Head, thorax, femora, base of tibiae, 
scutellum, red. 


Haematochares longiceps (Walker). 
Prostemma longiceps Walker, 1873, Cat. Hem. Brit. Mus. 7, 137. 
S. Rhodesia ; no exact locality stated. 
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Pantoleistes princeps Stal. 


Pantoleistes princeps Stal, 1855, Oefv. Vetensk-Akad. Férh. 12, 41; 1865, Hem. Afr. 3, 73; Reuter, 
1881, Acta Soc. Sci. fenn. 12, 20; Distant, 1903, Ann. S .Afr. Mus. 3,51; Jeannel, 1919, Résult. 
sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 298 ; Hesse, 1925, Ann. S. Afr. Mus. 28,121 ; Schou- 
teden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 200. 

The adults of this species were not found, but larvae in the 3rd—5th instars were 
collected on a trunk of a Eucalyptus and also on the leaves of Terminalia sericea. 
In the last-mentioned instance the leaves were at a height of some twenty-five feet 
from ground level ; Umtali, Odzi. 

The larvae are very active and have a striking ant-like appearance. Adults 
were reared from larvae, but, although they lived in captivity for some time they 
did not copulate, and no ova were obtained from them. Among the several kinds 
of insect food given them were larvae of Lasiocampidae, Nymphalidae, Arctiidae, 
and of the cabbage-web-worm, also honey-bees, house-flies. One of the arctiid 
larvae was attacked by two 5th instar larvae but about fifteen minutes elapsed 
before they succeeded in killing it. 

The larvae in both the 4th and 5th instars are shining black. Segment | of the 
antennae black, narrowly yellow apically ; remaining segments brown. Abdomen 
dorsally with transverse yellow spots; ventrally with patches of white wax-like 
secretion which is also present on the metapleura; mid-ventrally with large 
yellow and whitish confluent spots. Femora with two median and an apical yellow 
annulation ; tibiae with a narrow yellow annulation sub-apically ; apex brown. 
The dorsal plates are remarkable for their size and prominence, those on segments 
3 and 4 being transverse, moderately high with a feeble depression apically and 
those on segment 5, elliptical, strongly elevated and rounded apically. 

_ The 4th instar is approximately 8-00 mm. and the 5th instar 11-00 mm. in length. 

Adult. (Pl. VI, fig. 6.) Segment 1 of antennae reddish yellow, pale yellow 
apically ; segment 2 piceous; segments 3 and 4 stramineous. Head, body and 
legs black. Anterior lobe of pronotum with a pattern of linear greyish pubescence ; 
posterior lobe of pronotum with a wide transverse greyish purple stripe posteriorly. 
Corium piceous; venation darker. Membrane and wings infumate. Femora 
with moderately wide, sub-apical, tibiae with a wide sub-basal and sub-apical 
whitish annulation. Segments 1, 2 and 6 of connexivum whitish purple. Posterior 
lobe of pronotum and corium with whitish setae. 


Hediocoris tibialis (Stal). 


Hediocoris tibialis (Stal), 1855, Oefv. Vetensk-Akad. Férh, 12, 41 (Harpactor) ; 1865, Hem. Afr. 3, 86 
(Reduvius) ; 1874, Enum. Hem. Pt. 4, 39 (Reduvius sub-gen. Harpiscus) ; Walker, 1873, Cat. 
Hem. Het. Brit. Mus. 8, 100 and 103 (Harpactor); Carlini, 1895, Ann. Mus. Stor. nat. Genova 35, 
115 (Reduvius sub-gen. Harpiscus) ; Haglund, 1895, Oefv. Vetensk-Akad. Forh. 52, 474 (Harpactor) ; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 287 (Harpactor sub-gen. 
Harpiscus) ; Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2,1, 177; 1944, Explor. 
Parc nat. Albert Miss. de Witte Fasc. 45, 34 (Rhinocoris) ; Villiers, 1948, Faune Emp. frang. 9, 74. 


A male of this species was captured at light on one occasion (Jan.) ; Salisbury, 


Gatooma, Odzi. 
Adult. (Pl. IX, figs. 2, 2a.) Antennae piceous. Eyes dark reddish brown. 
Head, anterior lobe of pronotum, pleura anterior and median: coxae, trochanters, 
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femora, light red; posterior femora with piceous suffusion; tibiae and tarsi 
piceous. Posterior lobe of pronotum, scutellum, corium, except clavus, dark 
yellow ; corium sub-apically with a transverse black stripe; membrane black 
with a metallic greenish lustre. Wings infumate. Abdomen yellow; ventrally 
with the apical margin of each segment white with a very narrow black margin. 
Gula yellow. Segments 2 and 3 of rostrum except segment 2 basally, yellowish. 
Pleura, meso- and metasternum, segment 2 of abdomen ventrally, collar, posterior 
lobe of pronotum anteriorly and posteriorly with covering of yellowish wax-like 
secretion. 


Phonoctonus nigrofasciatus Stal. 
Phonoctonus nigrofasciatus Stal, 1855, Oefv. Vetensk-Akad. Forh. 12, 43, 1865, Hem. Afr. 3, 62; 
Schoutenden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 202. 

This handsome species has been found in fairly large numbers in cotton-fields 
where it was preying on the adults and larvae of the Pyrrhocoridae Dysdercus 
intermedius Dist. and D. fasciatus Sign., to the former of which it has a striking 
resemblance ; Bindura, Odzi. 

On the whole it appeared to be a somewhat sluggish insect and, when disturbed 
would fly away often to a considerable height, and, after circling around, frequently 
returned to the spot where it had been resting, or in the vicinity of it. 

Unlike many Harpactorinae, P. nigrofasciatus makes no attempt to bite when 
taken in the fingers, but, instead, stridulates vigorously. When seized with the 
hand it does not secrete fluid and in fact appears to have no odour. Dead speci- 
mens, however, shortly after being pinned, had a smell similar to that of acetic acid. 

When the Pyrrhocoridae just mentioned are available it would seem likely that 
P. nigrofasciatus feeds mainly on them. After the termination of the cotton 
season, however, when the plants are uprooted and burned, Dysdercus spp. disperse 
to wild malvaceous plants, thus it would be necessary for P. nigrofasciatus to seek 
for other food. 

With regard to oviposition in the field, there seems to be no doubt that this 
reduviid deposits a large number of ova on the cotton plant with the consequence 
that mortality must be high on account of the fact that, to conform with regulations, 
growers have to destroy all cotton plants by burning them after the gathering 
of the crop has been completed. P. nigrofasciatus oviposited freely in the labora- 
tory, the usual method being for the female to take up a position on a twig and to 
extend the hemelytra and wings outwards somewhat. It also rests with the head 
directed towards the ground. 

Most of the ova obtained were found to have been arranged, not very regularly 
in rings around the twig. Several hundreds of ova were deposited by females 
captured in cop. in the field, but unaccountably, not a single one hatched, all of 
them collapsing some weeks later. 

Ovum (fig. 51). Brownish yellow with a dark brown irregular suffusion ; 
differentiated portion of the chorion whitish; operculum dark brown. Sub- 
ampulliform; glabrous; undulate on one side: operculum with irregular 
marginal fringe which does not expand until some days after the ovum has been 
deposited. 3°00 mm. 
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5th instar. Antennae, segments 2 and 3 of rostrum piceous; segment 1 of 
rostrum reddish, on outer surface piceous. Eyes dark red. Head light red. 
Thorax, except collar, reddish yellow ; collar whitish. Anterior and lateral margins 
of mesonotum moderately broadly black. Rudimentary hemelytra dark yellowish, 
broadly black marginally; rudimentary wings dark yellow, narrowly black 
marginally. Acetabula white anteriorly, suffused with piceous posteriorly ; area 
surrounding metathoracic spiracle white. Abdomen reddish yellow; dorsally 
with a broad white stripe, narrowed feebly laterally and strongly indented medially 
on segments 4—7 basally ; a transverse somewhat suffused piceous stripe apically 
on segments 4-6; ventrally with similar transverse white stripes widening 
sub-laterally then narrowed laterally, mid-ventrally broadly concave ; segment 9 
piceous; dorsal plates dark yellow. Anterior and median femora dull red, 
suffused with piceous apically and with longitudinal piceous suifusion ; anterior 
and median tibiae and posterior legs blackish ; coxae and sterna reddish yellow. 


Phonoctonus nigrofasciatus Stal. Ovum. 


In this instar the rudimentary hemelytra extend just beyond the 3rd abdominal 
segment. Dorsal plates very small, sub-circular, flattened apically and very 
feebly elevated. Stridulatory furrow well developed and stridulation audible. 
18-00 mm. 

Adult. (Pl. VI, fig. 11, lla.) Segments 1-3 of antennae piceous; segment 1 
suffused with red basally ; segment 4 brownish. Head, eyes and rostrum light 
red; base of head dorsally, segments 2 and 3 of rostrum suffused with piceous. 
Collar yellow ; anterior lobe of pronotum light red suffused with black anteriorly ; 
posterior lobe whitish testaceous suffused with black anteriorly and with a wide 
sub-basal transverse, arcuate blackish stripe. Scutellum piceous with Y-shaped 
carina reddish. Propleura whitish with a broad, diagonal black stripe on episternum 
and a narrow, irregular diagonal blackish stripe on epimeron ; posterior half of 
episternum light red ; mesopleura with blackish marginal suffusion and posterior 
half of acetabula white ; metapleura suffused with black and with the anterior 
half of acetabula white. Hemelytra whitish testaceous, apically dark yellow and 
with a median and sub-apical transverse black stripe ; membrane blackish cupreous. 
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Wings hyaline, broadly infumate apically. Abdomen light red with broad trans- 
verse white stripes ventrally ; connexivum with white spots. Coxae, trochanters, 
femora red ; tibiae piceous suffused with red basally ; tarsi piceous. 

Variation in colour occurs to a certain extent and is confined mainly to the trans- 
verse black stripe on the hemelytra which is often reduced to two spots. This 
variation may be seen’ in both sexes and an additional one occurs in the female 
which has black stripes as well as white stripes on the ventral surface of the 
abdomen. There is also some variation in the size of the Sexes. 


Pseudophonoctonus formosus Distant. 

Phonoctonus formosus Distant, 1902, Trans. ent. Soc. Lond. 1902, 543; Schouteden, 1912, Rev. 
Zool. Bot. afr. 2, 114 (Hediocoris) ; Rev. Zool. Bot. afr. 3,167; Ann. Mus. Congo Belge Zool. (3) 
Sect. 2, 1, 204; Villiers, 1948, Fawne Emp. franc. 9, 140. 

A single male collected in open bush country (April) ; Salisbury, Umchabeze R., 
Selukwe. 

Adult. (Pl. IX, fig. 1.) Segments 1 and 2 of antennae black ; apical segments 
stramineous. Eyes black. Head, anterior lobe of pronotum deep reddish yellow. 
Propleura, posterior lobe of pronotum, meso- and metapleura and sterna yellow ; 
propleural episternum almost entirely suffused with black; meso- and metapleura 
with a suffused blackish spot. Scutellum black, reddish yellow apically. Corium 
dull yellow with a suffused transverse blackish stripe in apical half; membrane 
dark infumate with a bronzy lustre. Abdomen yellow; connexival segments 
suffused with red; segments 2—7 ventrally with a wide, transverse red stripe in 
apical half ; segment 9 dark yellow. 


Blapton ramentaceus (Germar). 
Blapton ramentaceus (Germar), 1837, Silberm. Rev. Ent. 5, 123 (Arilus) ; Stal, 1865, Hem. Afr. 3, 60 ; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.) 307. 

A male collected on the wing in open bush country; Odzi district; also 
Bulawayo. 

Adult. (Pl. VIII, fig. 12.) Segment 1 of antennae light brown; segment 2 
ferruginous suffused with piceous basally and apically ; segments 3 and 4 yellow ; 
Eyes pale greyish brown. Head and thorax brown with dense pale greyish yellow 
pubescence. Long curved spines on anterior lobe of pronotum reddish ; short 
spines blackish ; long spines on posterior margin pinkish white suffused with dark 
brown basally. Corium dark piceous with veins dark ferruginous and with pale 
grey pubescence on veins ; membrane bronzy, hyaline apically, faintly infumate 
and with dark brown irregular spots. Abdomen dorsally dark reddish yellow. 
Legs brown with short, recumbent greyish pubescence on femora; tufts of setae 
on legs and antennae black. Abdomen ventrally ferruginous yee three whitish 
spots sub-laterally and diagonal dark brown stripes. 


Vitumnus scenicus (Stal). 

Vitumnus scenicus Stal, 1855, Oefv. Vetensk-Akad. Foérh. 12, 41 (Harpactor); 1865, Hem. Afr. 3, 69; 
1874, Enum. Hem. Pt. 4,18; Walker, 1873, Cat. Hem. Het. Brit. Mus. 8,107 ; capitalis, Distant, 
1892, Nat. in Transvaal, Append. 255 (Reduvius) ; Distant, 1903, Ann. S. Afr. Mus. 3, 48 and 51 ; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 302 ; Schouteden, 1932, Ann. 
Mus. Congo Belge Zool. (3), Sect. 2, 1, 209 ; Villiers, 1948, Fauwne Emp. franc. 9, 136. 


This is a variable species as regards colour and up to the present time seventeen 
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colour variations have been named. Of these; I have collected only var. miniatus 
Stal, and var. salisburyanus Distant. The typical scenicus has also been captured 
(Jan.). All these were captured in open bush country mainly on grass at Odzi. 
Additional records are :—Typical scenicus (Salisbury); var. cinnaborinus Stal 
(Salisbury, Sawmills, Lonely Mine and Umtali) ; var. miniatus (Salisbury, Mazoe 
and Bindura); var. sobrinus Stal (Salisbury, Balla Balla and Sawmills); var. 
mashonus Distant (Salisbury) ; var. salisburyanus (Salisbury) ; and var. rhodesianus 
Distant (Salisbury and Umtali). 

Ova were obtained from the var. miniatus and from scenicus. When ovipositing 
the female rests, with the head directed downwards, on a plant stem and places 
the ova in parallel rows, attaching them with a small amount of glutinous substance. 


Fig. 52. 


Vitumnus scenicus (Stal), var. miniatus Stal. A. Ovum. B. 4th instar larva. 


Ovum (fig. 524). Light brown ;. differentiated portion of chorion white. 
_ Sub-ampulliform, glabrous ; operculum almost entirely concealed by differentiated 
‘portion of chorion; operculum a circular disc with a cylindrical median process, 
constricted medially ; surface reticulate. Apical margin emarginate ; micropyle 
surrounded by irregular, short somewhat thick filaments. Surface of chorion 
minutely rugulose, of differentiated portion smooth with low, elliptical elevations. 
2-50 mm. 
lst instar. Segments 1-3 of antennae black; segment 4 dark stramineous, 
narrowly black basally. Head, thorax, legs, dorsal and connexival plates black, 
glabrous. Abdomen yellow. : 
2nd instar. Similar in coloration to Ist instar. Differs in the shape of the 
lateral angles of the collar, which are more acute, and the wider dorsal plates. Striac 


in prosternal furrow present. 2-60 mm. 
402 


640 N. C. E. MILLER: NOTES ON THE 


3rd instar. Similar in coloration to both preceding instars. There is a marked 
change, however, in the structure and number of the dorsal plates which are present 
on segments 3-6, those on segments 3-5 having the ostioles of the glands. The 
plates on these segments have a setigerous tubercle laterally, very small on 
segment 5 but longer on segments 4 and 5. Theplate on segment 6 is divided 
medially. Connexival plates narrow, oblong, somewhat irregular and with one 
or two lateral setae. 4:50 mm. 

The descriptions of the 2nd to 5th instar larvae reared from ova obtained from 
scenicus var. miniatus are as follows :— 

2nd instar. Antennae, except segment 4, head, thorax, except meso- and 
metasternum, connexival plates black, glabrous ; segment 4 of antennae testaceous, 
narrowly black basally. Area between meso- and metanotal sclerites, meso- and 
metasternum white. Abdomen yellow; segments | and 2 with a narrow median 
stripe, a spot on each side of dorsal plates on segments 3-6; dorsal plates on 
segment 5 with a narrow median spot in anterior half, dorsal plate on 6 with a 
median narrow stripe, white. Dorsal plates on segment 3-8; plates on 3-5 sub- 
quadrate ; on 4-6 with a low, conical, setigerous tubercle laterally ; plate on 
segment 7 oblong with the angles rounded ; on segment 8 trapeziform. 6°00 mm. 

3rd instar. Closely resembles the 2nd instar in coloration, but differs morpho- 
logically in having all the dorsal plates much larger so that they appear to be 
contiguous, and the external apical angle of each segment of the abdomen has a 
short tubercle. The tubercles on the dorsal plates are larger. There are also 
minor differences in the shape of the meso- and metanotum. The abdomen has 
four black spots sub-laterally and the apical segment black. 7-00 mm. 

4th wnstar (fig. 52B). Antennae piceous. Head black with a yellowish stripe 
between eyes; ventrally and postocular immediately behind eyes yellow ; basal 
segment of rostrum yellow suffused with piceous basally and apically ; segment 2 
yellow in basal half; apical half and segment 3 piceous. Pronotum yellow with 
an irregular median spot and posteriorly black; collar suffused with piceous 
medially. Rudimentary hemelytra dark piceous ; metanotum black with a narrow 
longitudinal, elevated whitish stripe and with posterior margin narrowly whitish ; 
pleura yellow with piceous suffusion anteriorly ; acetabula black; sterna pale 
yellow. Abdomen dorsally yellow with a broad, median, longitudinal stripe from 
segments 2-6; apical segments black ; spots on connexivum and ventro-laterally 
black ; dorsal plates black, those on segments 4 and 5 with a narrow, median, 
longitudinal white stripe. Coxae and trochanters yellow suffused with piceous ; 
femora and tibiae black with a broad median yellow annulation ; tarsi black. 
Apart from changes in coloration and the appearance of wing-rudiments the 
larva in this instar differs considerably from the 3rd instar larva in the shape 
of the pronotum which is more rounded dorsally, with the anterior lateral angles 
more prominent. ‘The anterior femora are thicker and more nodulose, and the 
tubercles on the dorsal plates are longer and more acute apically. 8-00—9-00 mm. 

5th instar. In this instar two colour types have been noted, one of which has 
the pronotum laterally, the femora and tibiae black and the other with black 
femora and tibiae with a wide median pale yellow annulation. The rostrum of the 
latter is pale yellow with the apex of segment 2 and segment 3 entirely black. 
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This type also has the anterior margin of the pronotum, except laterally, and the 
posterior margin black ; a black median stripe connects these black parts. The 
propleura are yellow with the anterior and posterior margins black. 

Adult (var. miniatus). (Pl. V, fig. 6.) General coloration somewhat variable 
being reddish yellow or pale stramineous, the anterior lobe of the pronotum being 
darker in both types. Antennae, postocular dorsally, collar, except lateral 
angles, a wide crescentic spot on posterior lobe of the pronotum, base of scutellum, 
connexival spots, transverse stripes on abdomen ventrally black. Postocular 
with a small yellow spot between ocelli. Clavus and membrane dark infumate 
with a faint greenish bronze lustre. Anterior and median femora with two irregular 
blackish spots on upper surface. 

Adult (scenicus). (Pl. V, fig. 7.) Black. Anteocular laterally, vertex, base of 
head, sides of anterior lobe broadly, posterior lobe of pronotum laterally and 
posteriorly, scutellum in apical half, a large transverse spot on corium apically, 
abdomen, upper area of propleura, mesopleura, except posteriorly, posterior half 
of metapleural acetabula, meso- and metasternum laterally, anterior femora, red. 
Anterior femora basally and apically with two annulations, the apical connected 
to black area at apex of femora by a narrow stripe ; median femora, except for 
suffused reddish spot on lower surface, posterior femora, all tibiae black. Abdomen 
ventrally with transverse black and white stripes and a black spot on each segment 
of connexivum. 

Adult (var. salisburyanus). (PI. V, fig. 9.) Head, basal segment of rostrum, 
anterior lobe of pronotum red ; postocular with a triangular black spot ; segments 
2 and 3 of rostrum black. 

An adult scenicus fed on spiders taken from a mud cell of a Sceliphron sp. (Hymen- 
optera), and an adult salisburyanus was captured while feeding on a Ponerine ant. 


Odontogonus pallidus (Stal). 
Odontogonus pallidus (Stal), 1853, Oefv. Vetensk-Akad. Férh. 10, 263 (Laphyctes) ; Jeannel, 1919, 
Résult. sct. Voy. Alluaud et Jeann. Afr. or. (Hem.), 303. 

A female captured at light (Feb.) ; Odzi. No ova were deposited. 

Adult. Dark stramineous, legs paler. Eyes brown. Lateral margin of anterior 
lobe, anterior half of posterior lobe of pronotum narrowly brownish ; posterior 
half of lateral margins of posterior lobe and lateral spines blackish. Membrane 
and wings pale brownish yellow. Abdomen ventro-laterally with a black spot on 
segments 3-6. Basal segment of antennae broadly brownish and with two wide 
brownish annulations in apical half. Setae and pubescence pale stramineous. 


Microcarenus villosus Bergroth. 

Microcarenus villosus Bergroth, 1895, Wien. Ent. Zig. 14, 166 ; China, 1937, Ann. Mag. nat. Hist. (10) 
20, 555; Villiers, 1948, Fawne Emp. franc. 9, 51 ; Coranopsis rossi, Distant, 1903, Ann. S. Afr. 
Mus. 3, 48. 

A somewhat uncommon and variable species. Males and females found on 
grass and flowering plants (Feb._May), and on one occasion a male was captured 
in a cotton-field.and was presumably preying on larvae of Dysdercus intermedius 
and D. fasciatus. Captured females did not oviposit ; Odzi, Umtali. 
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Adult. (Pl. VI, figs. 2 and 3.) Antennae, pleura, legs black. Head, pronotum, 
elevated portion of scutellum, abdomen, red. Head with a quadrate spot on 
vertex, extending to ocelli, anterior lobe of pronotum, sub-lateral pyriform spots 
and a median transverse stripe on posterior lobe, base and lateral areas of scutellum, 
black. Corium red with greater part of clavus and an elongate sub-costal spot, 
black ; membrane dark infumate with a faint greenish metallic lustre. Wings 
faintly infumate. Propleura with a broad, irregular transverse black stripe ; 
acetabula red; mesopleura with a small red spot above acetabula. Abdomen 
ventrally with transverse stripes on segments 4—7 and a lateral spot on segments 
2-6, black ; segment 9 almost entirely black. In some specimens the extent of 
the black spots and stripes varies and the corium may be entirely red. 


Nagusta subflava Distant. 
Nagusta subflava Distant, 1903, Ann. S. Afr. Mus. 8, 49. 

A larva in the 5th instar found on a leaf of Brachystegia sp. ; Odzi. 

5th instar. Antennae pale yellow; segment | suffused with pale ferruginous 
basally and with two broad pale ferruginous annulations medially and apically ; 
segments 2—4 suffused with ferruginous, infumate basally. Eyes red. Head and 
thorax greyish stramineous, suffused with brown and with small areas of whitish 
pubescence ; rudimentary hemelytra greyish stramineous, but darker than thorax. 
Abdomen stramineous with a blackish suffused spot dorso-laterally on segment 6 ; 
spines on dorsal plates piceous ; abdomen ventrally with a faint brown suffusion 
sub-laterally, a row of small brown spots sub-medially and a median longitudinal 
pale brown stripe. Legs pale stramineous. Head with a spine, flattened basally 
at base of antennal tubercles ; dorsal plates with a spine laterally, those on plate 
on segment 3 very short. Pronotum, head, rudimentary scutellum with short, 
scattered spines. 

Adult. (Pl. VIII, fig. 2.) Basal segment of antennae pale yellow with basal 
median and apical, wide, pale ferruginous annulations ; segments 2 and 3 faintly 
suffused with light brown basally, narrowly black apically. Legs pale yellow ; 
tarsi and apex of tibiae darker. Head and body pale greyish. Eyes red. Expanded 
portion of abdomen suffused with black. 


Nagusta albata Distant. 
Nagusta albata Distant, 1903, Ann. S. Afr. Mus. 3, 54. 
Salisbury. 


Coranopsis vittata Horvath. 

Coranopsis vittata Horvath, 1892, Termeszetr. Fuz. 15, 262; Distant, 1903, Ann. S. Afr. Mus. 3, 45 ; 
Jeannel, 1919, Résult. sci. Voy. Alluaud et Jeann. Afr. or. (Hem.), 302 ; Schouteden, 1932, Ann. 
Mus. Congo Belge Zool. (3) Sect. 2, 1, 212; 1944, Hxplor. Parc nat. Albert Miss. de Witte Fasc. 
45,45; Villiers, 1948 Fawne Emp. franc. 9, 134. 

I have taken this species in small numbers by sweeping mostly in areas where 
the grass was long and dry and also on one occasion among luxuriant growth of 
grass and reeds on a river bank. 

One individual was also seen in a cotton-field where Dysdercus intermedius and 
D. fasciatus were abundant. Probably it was preying on the larvae of these two 
Pyrrhocorids ; Salisbury, Odzi. 


oe 
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In its natural state, this species, no doubt, is a general feeder. In the laboratory, 
adults and larvae accepted Muscidae and worker Allodontermes schultzei. 

A good many ova were obtained from females in captivity, most of them 
deposited in irregular groups or singly. Once, however, five ova were deposited 
in a straight row, an arrangement which is probably the normal one. Each ovum 
was covered partly with a rather thin glutinous substance. 

C. vittata when handled, without due precaution bites readily, the bite having 
the usual after-effects. 


Fig. 53. 


Coranopsis vitiata Horvath. A. Ova. B. Operculum. C. Ist instar larva. D. 3rd instar larva. 


Ovum (fig. 53.4). Dark brown; differentiated portion of chorion, operculum 
and opercular process white with a faint brownish suffusion. |Ampulliform, 
narrowed and somewhat strongly curved in apical third; operculum (fig. 53 B) 
a circular disc, concave on lower surface ; upper surface with a cylindrical process 
truncate and broadly rounded apically; lower surface obscurely reticulate, 
shining ; differentiated marginal portion composed of slender, contiguous rods 
anastomosing apically and recurved. 1:80 mm. 

Incubation period fourteen days. 

lst instar (fig. 530). Piceous. Head with a transverse whitish stripe on vertex 
behind sulcus and a narrow, median, longitudinal whitish stripe from it to base 
of head. Nota with a median, longitudinal, narrow, whitish stripe and with 
lateral margins narrowly whitish. Many long setae present. 2-00 mm. 
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2nd instar. Very similar to Ist instar but ventral surface of head paler and 
abdomen ventrally with transverse greyish stripes. Abdomen dorsally with a 
moderately wide median, longitudinal whitish stripe. Sub-laterally whitish. 
3-40 mm. 

3rd instar (fig. 53D). Shining black with greyish setae and pubescence, both 
denser on mesothorax and abdomen. Head with a pale yellowish Y-shaped spot 
on epicranium, the lateral branches curved ; basally suffused with pale yellowish. 
Meso- and metanotum and abdomen dorsally with a narrow, median, longitudinal 
stripe and margins narrowly pale yellowish; mesosternum with a narrow, 
median, longitudinal stripe, metasternum almost entirely pale yellow. Abdomen 
mid-ventrally with apical half of segments pale yellowish and a pale yellowish 
inter-segmental spot laterally. Abdomen dorsally with suffused pale yellow spots 
laterally. 4:50 mm. 

Adult. (Pl. V, fig. 5.) Antennae, rostrum, legs black. Head black except a 
median stripe on clypeus, the greater part of vertex reddish. Pronotum reddish 
with the collar, except lateral angles, two large, confluent spots on anterior lobe, 
anterior area of posterior lobe, a sub-lateral stripe connecting with a transverse 
sub-basal stripe, black. Elevated part of scutellum reddish ; remainder black. 
Propleura and prosternum except posteriorly, meso- and metapleura black ; aceta- 
bula, meso- and metasternum reddish ; mesopleura with a reddish spot above 
acetabula. Abdomen dorsally reddish suffused with black; ventrally reddish 
with suffused, transverse black stripes ; pygophore black. Corium reddish with a 
median longitudinal black stripe; membrane infumate with a coppery lustre. 
Wings infumate. Setae whitish or pale fulvous. 


Coranus carbonarius (Stal). 

Coranus carbonarius (Stal), 1855, Oefv. Vetensk-Akad. Férh, 12, 42 (Harpactor) ; 1865, Hem. Afr. 3, 94 ; 
1874, Enum. Hem. Pt. 4, 19; Distant, 1903, Ann. S. Afr. Mus. 3, 51; Jeannel, 1919, Résult. 
sct. Voy. Alluaud et Jeann. Afr. or. (Hem.) 301; Hesse, 1925, Ann. S. Afr. Mus. 23, 122 ; 
Schouteden, 1932, Ann. Mus. Congo Belge Zool. (3) Sect. 2, 1, 210. 

An abundant species in grass areas in the early and later periods of the year 
but rarely seen in the winter. It is a very active insect and is easily disturbed when 
it flies away for a short distance, then falls to the ground as arule. More rarely 
it has been seen to alight on another plant close by. 

The male is much more commonly met with than the female which possibly 
lives mostly in concealment ; Salisbury, Umtali, Sawmills. 

When handled C. carbonarius bites immediately, and intense pain which lasts 
for some time, ensues. The area around the site of puncture becomes hard and 
swollen and remains in that state for a week or so. 

No information is available regarding its prey which, however, most likely 
consists mainly of small beetles—Lagria sp.—and ants which are often on the 
panicles of one of the most abundant grasses—Hyparrhenia sp.—on which this 
reduviid is often seen. 

The ova are deposited singly and are attached to the substrate by a small 
quantity of adhesive applied to one side. 

Ovum (fig. 54.4). Dark brown; differentiated portion of chorion, operculum 
white. Ampulliform, curved, glabrous. Surface of chorion finely reticulate; 
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apical margin of differentiated portion irregularly dentate ; operculum a circular 
disc with fine, dense filaments which increase in length towards the centre. 1-80 mm. 
Incubation period from eleven to fourteen days. 
Ist instar (fig. 548). Brown. Antennae infumate; apical segment reddish 
| yellow. Apex of femora, base of tibiae, eyes, apical segments of abdomen, black ; 
interocular area piceous ; setae black. 3-00 mm. 


2nd imstar. Antennae piceous. Eyes black. Head dark brownish yellow ;. 

interocular area black. Pro- and mesonotum dark brownish yellow ; metanotum, 

b apical half of femora, tibiae and abdomen piceous ; basal half of femora, coxae 
dark brownish yellow. 3°50 mm. 


Fig. 54. 


Coranus carbonarius (Stal). A. Ovum. B. Ist instar larva. 


Adult. (Pl. IX, fig. 18.) Blackish violaceous with a dull shine. Antennae and 
tarsi brown; part of 7th abdominal segment and all of 9th ventral segment of 
abdomen dark reddish yellow. 

Copulation was observed to last for half an hour and during this period the 
male stridulated without omission. After the act of coition was completed, the 
male mounted on to the dorsum of the female, whereupon both of them stridulated. 


Coranus oblongiceps Stal. 
Coranus oblongiceps Stal, 1865, Hem. Afr. 3, 94; 1874, Hnum. Hem. 4,19; Distant, 1903, Ann. S. Afr. 
Mus. 3, 45. 
No information was obtained regarding the life-history of this species. Adults. 
were found on grass stems. ; Salisbury, Umtali, Monarch Mine, Odzi. 
: Adult. (Pl. IX, fig. 8.) Black. Connexivum with a sub-triangular spot on 
segments 2-6 and an elongate marginal spot on segment 7, yellow. Setae and 
pubescence very pale fulvous. 


Coranus reuteri Schouteden. 
Coranus reuteri Schouteden, 1910, in Sjéstedt’s Kilim. Meru Exped. 151; Ann. Mus. Congo Belge 
Zool. (3) Sect.:2, 1, 211. 
Males which probably are of this species were taken mostly by sweeping in 
vleis and on a river bank ; Odzi. 
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Adult. (Pl. IX, fig. 16.) Segment 4 of antennae dark brown. Apex of 
segment | of rostrum, base. of head with a small somewhat suffused spot dorsally, 
very pale yellow. Corium, except clavus, black with a faint bronzy lustre ; clavus 
and membrane dark infumate with a bronzy lustre. Connexivum with the apical 
half of each segment, except 7, whitish yellow, apical margin of segment 7 and 
pygophore red. Anterior and median tibiae with a narrow sub-basal and sub- 
apical, posterior tibiae with a sub-basal, femora with a sub-apical annulation 
whitish yellow ; posterior tibiae in apical half, except extreme apex, light brown. 
Setae and pubescence greyish. 


Coranus monticolus Miller. 
‘Coranus monticolus Miller, 1950, Proc. zool. Soc. Lond. 120, 260. 
A female taken on outskirts of forest at an altitude of approximately 5000 ft. 
(Dec.); Vumba Mts. 
Adult. (Pl. IX, fig. 14.) 


Coranus tumidinotum Miller. 
Coranus tumidinotum Miller, 1950, Ann. Mag. nat. Hist. (12) 3, 393. 

Several males and one female captured in open bush country in the early months 
of the year; Odzi. The female which lived for some days did not feed much and 
after refusing Drosophilid flies and termites finally accepted a Lagria sp. 
(Coleoptera). 


Coranus tumidinotum Miller. A. Ovum. B. Ist instar larva. 


The ova of this species are deposited singly with the longer axis parallel to the 
‘substrate. 

Ovum (fig. 55.4). Pale brownish yellow with a piceous pattern; operculum 
wax-white. Ampulliform; chorion glabrous; operculum irregularly pitted ; 
differentiated portion of operculum and of median process reticulate. Median 
process a short circular disc, the apex of which hardly projects above the margin 
of the differentiated portion of the chorion. 1-48 mm. 
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Incubation period about three weeks. 

lst mstar (fig. 55 8B). Light brown. Femora with faint annulations; tibiae 
darker apically. Femora and tibiae with low, rounded tubercles and long setae ;. 
segments 1-3 of antennae minutely tuberculate and with a few setae. Head 
and body with long, somewhat thick setae. Dorsal plates sub-elliptical with a 
long seta laterally. Prosternal furrow striate. 2-00 mm. 

Adult. (Pl. 1X, fig. 11.) 


Coranus pullus (Stal). 
Coranus pullus (Stal). 1855, Oefv. Vetensk-Akad. Forh. 12, 43 (Harpactor) ; 1865, Hem. Afr. 8, 95 ; 1874,. 
Enum. Hem. 4, 20 ; Schouteden, 1932, Ann. Mus. Congo Belge, Zool. (3) Sect. 2, 1, 211. 

Males and females of this species have. been captured mainly by sweeping in 
damp areas. The female was found on one occasion on the grass of a lawn which 
was close-cut at the time ; Odzi. 

Ova are deposited singly with the longer axis parallel to the substrate. 


Coranus pullus (Stal). A. Ovum, B, 2nd instar larva. 


Ovum (fig. 56.4). Light brown with dark brown irregular longitudinal stripes: 
and suffusion ; differentiated portion of chorion, operculum white. Ampulliform ; 
surface of chorion finely reticulate ; opercular process conical, truncate and with a 
median depression. 1-80 mm. 

lst instar. Dark yellow, somewhat infumate. Anterior part of head from 
transverse sulcus piceous. Dorsal plates and tarsi piceous. Segments 1-3 of 
antennae piceous ; segment 4 dull ferruginous. 2-00 mm. 

2nd instar (fig. 568). Similarin coloration to Ist instar. Dorsal plates present 
on segments 3-7 ; plate on segment 3 elliptical, on 4 quadrate and strongly convex, 
on 5 quadrate but less strongly convex, on 6 and 7 elongate, elliptical. On segment 
2, two small sclerotized, setigerous areas. Segments 1-3 of antennae, legs with low, 

4Pp2 
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setigerous tubercles, the setae, also those on head and body very long. Striae in 
prosternal furrow visible under high magnification. 2°30 mm. 

Adult, Antennae brown; base and apex of segment 1, -base of segment 2, 
narrowly suffused with black. Eyes dark brown. Head and thorax black. Head 
with a suffused yellowish stripe between and along inner margin of eyes and from 
-ocelli to base where it widens and is paler, and anteriorly laterally. Basal segment 
‘of rostrum pale luteous, strongly suffused with piceous; remaining segments 
piceous. Anterior lobe of pronotum with a median stripe and sub-lateral stripe 
in anterior half, dull yellowish ; prosternum laterally and anterior half of propleural 
acetabula dull yellowish. Scutellum narrowly medially and apex pale luteous. 
‘Corium reddish brown, except clavus and area between claval suture and M, also 
membrane dark infumate with a coppery lustre. Wings pale infumate. Abdomen 
dorsally red; connexivum pale luteous; in basal half of segments 3-7 black ; 
ventrally pale luteous ; ventro-laterally piceous ; laterally pale reddish brown 5 
pygophore reddish. Anterior and median tibiae pale yellow with sub-basal, 
median and apical piceous annulations; posterior tibiae brownish, piceous 
sub-basally and with a pale yellowish annulation adjoining piceous area, and with 
apex suffused with piceous ; femora black ; anterior and median femora with two, 
posterior femora with four irregular pale yellowish annulations. Head and 
pronotum with sparse, corium with dense pale fulvous or golden setae; other 
setae piceous or greyish. 


Coranus papillosus (Thunberg). 


Coranus papillosus (Thunberg), 1822, Hem. rostr. cap. 3, 5 (Reduvius) ; Stal, 1865, Hem. Afr. 3, 95 ; 
1874, Enum. Hem. 4,19; Schouteden, 1910, in Sjéstedt’s Kilim. Meru Exped. 

A 5th instar larva swept from grass (Jan.); Bulawayo, Selukwe, Odzi. 

5th instar. Antennae, head, legs black ; anterior tibiae with a sub-basal annula- 
tion, median tibiae basally and with a narrow sub-basal and a broad annulation 
in apical half, posterior tibiae basally and with a narrow sub-basal annulation 
pale yellow; femora with an annulation in apical and basal half pale yellow. 
Abdomen dorsally pinkish grey with a median longitudinal interrupted stripe and 
laterally narrowly whitish; dorsal plates shining black; sub-laterally with 
4 spots and laterally with 4 spots and apical segments black; ventrally pale 
reddish brown ; laterally blackish and with a sub-lateral whitish stripe. 

Adult. (Pl. VII, fig, 10.) 


Coranus rubrolimbatus Miller. 
Coranus rubrolimbatus Miller, 1950, Proc. zool. Soc. Lond. 120, 261. 


A male and female captured by sweeping in lush grass and vegetation on the 
bank-of a river (Feb.) ; Odzi. 

The female deposited six ova singly. 

Ovum (fig. 57.4). Brownish yellow, very narrowly dark brown apically with 
four irregular dark brown stripes; differentiated portion of chorion wax-white ; 
opercular process brownish white. Ampulliform; chorion glabrous, minutely 
reticulate ; upper margin of differentiated portion somewhat irregular ; operculum 
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a circular disc, concave on lower surface and with a conical process, truncate 
apically on upper surface ; differentiated portion relatively narrow. 1:80 mm. 

Incubation period sixteen days. 

lst wmstar (fig. 578). Shining black. Apical segment of antennae, eyes, dark 
red. Rostrum, except apical segment whitish. Vertex, meso- and metanotum, all 
segments of abdomen, except apex, dorsally with a narrow, median, longitudinal 
whitish stripe. Striae in stridulatory furrow visible. 2-00 mm. 

Larvae in this instar fed on workers of Allodontermes sp., which had been 
previously immobilized. 

2nd instar. Similar to Ist instar, except that the white dorsal stripe on the 
abdomen is not continuous and the apical segment of the antennae is duller in 
colour. The abdomen has a narrow, sub-lateral white stripe ventrally. 


Fig. 57. 
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Coranus rubrolimbatus Miller. A. Ovum. B. Ist instar larva. C. 5th instar larva. 


3rd and 4th instars. Similar in coloration to 2nd instar. 

5th instar (fig.57c). Black. Eyes dark brown. Postocular, meso- and meta- 
notum, dorsal plates with a very narrow, median, longitudinal whitish stripe. 
Connexivum narrowly whitish. Pubescence greyish. 6-50 mm. 

Adult. (Pl. IX, fig. 4.) 

Coranus erebus Miller. 

Coranus erebus Miller, 1950, Proc. zool. Soc. Lond. 120, 264. 

A male and female swept from grass (Jan.) ; Odzi. 

The female deposited several ova singly. Six days after deposition the eyes of 
the embryo were visible. 

Ovum (fig. 58 A). Chorion brown at time of deposition with very narrow piceous 
annulations sub-apically. Opercular filaments white. Sub-ampulliform ; surface 
of chorion minutely reticulate, shining; area within each reticulation elevated, 
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giving a shagreened effect to the surface. On the curved side there are two low 
carinae converging towards apex ; upper margin of differentiated portion of chorion. 
irregularly serrate. 2-00 mm. 

Incubation period approximately twelve days. 


Fig. 58. 


Coranus erebus Miller. A. Ova. B. Ist instar larva. 


lst instar (fig. 58 B). Segments 1-3 of antennae black ; apical segment reddish.. 
Eyes dark red. Head, body, legs dark yellow; apex of femora broadly, base of 
tibiae narrowly black, the black portion on anterior femora extending to about 
half the length. 2-50 mm. 

Adult. Resembles C. carbonarius in colour, except that the bluish tinge is absent.. 


Coranus viduus Miller. 
Coranus viduus Miller, 1950, Proc. zool. Soc. Lond. 120,.262. 

Amale and female caught on low herbage at an altitude of about 6,000 ft. (Dec.).. 
Another male taken on rank vegetation in a clearing in a Hucalyptus plantation 
. situated at an altitude of 4,000 ft. ; Monarch Mine, Vumbe Mts. 

Adult. (Pl. LX; fies125-17.) 


a 
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CHEecK List OF SOUTHERN RHODESIAN REDUVIIDAE. 


EMESINAE. ACANTHASPINAE (cont.). 
Stenolaemus marshalli Distant. Reduvius necatorius Miller. 
Myiophanes volitans Miller. 5  annulatus Stal. 
Ploearia nuda Miller. .  a@ppetens Miller. 
Empicoris stevensoni Miller. .»  agilis sp. nov. 

Bagauda tenebricola Horvath. Cyclopocoris dilutus Miller. 
Tinna maculipes Miller. Trichedocla quadrisignata (Stal). 
Orthunga gravida Miller. se nigra Miller. 
" umtaliensis Miller. 
SAICINAE. Edocla vicina Miller. 
Spairapeltis sericea Miller. »  suffusa Miller. 
Ectmetacanthus annulipes Reuter. 
TRIBELOCEPHALIN AE. Acanthaspis curvidens Distant. 
: ; : - obscura Stal. 
Tribelocephata bosjyesmana Stal. lawn Stal 
o noctivaga Miller. 2 - ib ial 
a2 pnpura Miller. Khafra ugandica Schouteden. 
fetinces Phonergates bicoloripes (Stal.) 
STENOPODINAE. ie concoloripes Reuter. 
Oncocephalus sordidus Stal. »  basilicus (Stal). 
a caffer Stal. Platymerus rhadamanthus Gerstacker. 
- i annulipes Stal. Plynoides elegans Miller. 
* pubwentris Miller. 
viator Miller. PIRATINAE. 


Sastrapada glabra Miller. 
a calva Miller. 
= rhodestensis Miller. 
as strabo Miller. 
e manicae Miller. 
Padasastra attenuata Miller. 


Pirates (Lestomerus) rendallt Distant. 
montivagus Distant. 
e a aenicollis Schaum. 
(Cleptocoris) conspurcatus Distant. 
lugubris Stal. 


223 33 


: ; : nitidicollis Reuter. 
Thodelmus quinquespinosus (F). oi t ‘ 
: ; : a “ macillentus Miller. 
Dithmarus rhodesianus Miller. ; ; ; 
. e areatus Miller. 


Pygolampis marginata Miller. : ; Wis 
ag P 9 Fusius rubricosus Stal. 


Ectomocoris fugitivus Miller. 
SALYAVATINAE. 


Lisarda coenosa (Stal). 


poneroides Miller. 
velox Miller. 


ob) 


39 


fe imitatrix Miller. ; varipes Miller. 
rhodesianus Miller. . Phalantus collaris (Gerstaecker). 
Petalochirus wmbrosus (Herrich-Schaeffer). Catamiarus nyassae Distant. 
’ . rapinator Miller. 
” variegatus Palisot de Beauvois. ECTRICHODIINAE. 


Santosia bidentula (Germar). 


enced Na Ectrichodia crux (Thunberg). 
Holoptilus nebulosus Stal. Philodoxus principalis Distant. 
Glymmatophora manicae Miller. 
ACANTHASPINAE. a erythrodera Schaum, 
Cethera musiva (Germar). » pellax Horvath. 
. marmorata Miller. a aeniceps Horvath. 
Varus flavoannulatus (Stal). * semirubra Horvath. 
‘Gnistus varius Walker. - rhodesiana Miller. 
Reduvius tarsatus Germar. Ri mashonae Miller. 


ij 
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ECTRICHODIIN AE (cont.). 
Maraenaspis crocata (Distant). 
vorax Miller. 
corallinus Miller. 
Cleptria oculata Stal. 


APIOMERINAE. 


Cleontes genitus Distant. 


TEGHINAE. 
Phonolibes obsoletus Horvath. 
3 vicinus Miller. 


HARPACTORINAE. 

Rhaphidosoma ambulator Stal. 
circumvagans Stal. 
maximum Miller. 
griseum Miller. 
sordidum Miller. 

$ simile Miller. 

* rufipes Miller. 
Hoffmannocoris chinai Miller. 
Breddinea pilipes Miller. 
Leptodema echinata Gerstaecker. 

acanthocephala Carl. 
laticollis Miller. 
Lopodytes grassator Stal. 
mashonae Distant. 
nigrescenes Miller. 

n agilis Miller. 
Paramphibolus albiventris Miller. 
Rhinocoris vumbaensis Miller. 

cardinalis Miller. 
venustus (Stal). 
ie odziensis Miller. 
nemoralis Miller. 
nebulosus Miller. 
vitticollis Miller. 
segmentarius (Germar). 
albopunctatus (Stal). 
rapax (Stal). 
picturatus (Distant). 
neavet (Bergroth). 
violentus (Germar). 
vulneratus (Germar). 
- tropicus (Herrich-Schaefter). 
dasynotum Miller. 
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HARPACTORINAE (cont.). 
Rhinocoris erythrocnemis (Germar). 
tristis (Stal). 

a albopilosus (Signoret). 
Sphedanolestes nanus (Stal). 
_ insignis Miller. 
bimaculatus Miller. 
Cosmolestes pictus (Klug). 
Bequaertidea pusilia Miller. 


. consimilis Miller. 
Callilestes bicolor Distant. 

; stigmatellus Distant. 

* gracilis Miller. 


Peprius pictus Miller. 
Moto rhodesianus Miller. 
Haematochares longiceps (Walker). 
as obscuripennis (Stal). 
Endochus curvidens Miller. 
Pantoleistes princeps Stal. 
Hediocoris tibialis (Stal). 
Phonoctonus nigrofasciatus Stal. 
Pseudophonoctonus formosus (Distant). 
Aprepolestes plagiatus Miller. 
Lamottellus pilosus Miller. 
- niger Miller. 
Blapton ramentaceus (Germar). 
Vitumnus scenicus (Stal). 
var. cinnabarinus Stal. 
miniatus Stal. 
sobrinus Stal. 
mashonus Distant. 
, salisburyanus. 
Z; me .. rhodesianus Distant. 
Odontogonus pallidus (Stal). 
Microcarenus villosus Bergroth. 
Nagusta subflava Distant 
albata Distant. 
Coranopsis vittata Horvath. 
Coranus carbonarius (Stal). 
oblongiceps Stal. 
papillosus (Thunberg). 
tumidinotum Miller. 
pullus (Stal). 
monticolus Miller. 
* rubrolimbatus Miller. 
»°  viduus Miller. 
- erebus Miller. 
m reuteri Schouteden,. 


The foregoing list is based on the collections in the Department of Agriculture, 
Salisbury, and in the National Museum at Bulawayo, as well as on records obtained 
by myself. Many of the species are also represented in the collections of the Durban 
Museum and of the South African Museum at Cape Town; from which sources 
it has been possible to obtain additional locality records. 
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PLATE Tf. 


Myiophanes volitans Miller. 
Spairapeltis sericea Miller. 
Oncocephalus caffer Stal. 

Thodelmus quinquespinosus Fabricius. 
Dithmarus rhodesianus Miller. 
Holoptilus nebulosus Stal. 
Peialochirus rapinator Miller. 

Lisarda vmitatrix Miller. 

Petalochirus umbrosus Herrich-Schaefter. 
Reduvius appetens Miller. 

Reduvius agilis sp. nov. 
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PLATE II. 


Reduvius tarsatus Germar. 
Varus flavoannulatus Stal. 
Khafra ugandica Schouteden. 
Acanthaspis curvidens Distant. 
Gnistus varius Walker. 
Acanthaspis lurco Stal. 
Phonergates concoloripes Reuter. 
Catamiarus nyassae Distant. 
Ectomocoris fugitwus Miller. 


Trans. Zool. Soc. Vol, XX VII, Miller. PI. II. 
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Trichedocla umtaliensis Miller. 
Ectmetacanthus annulipes Reuter. 
Cyclopocoris dilutus Miller. 

Edocla vicina Miller. 

Reduvius annulatus Stal. 

Pirates (Lestomerus) aenicollis Schaum. 
Phonergates basilicus Stal. 

Acanthaspis vidua Stal. 

Plynoides elegans Miller. 

Acanthaspis obscura Stal. 

Phalantus collaris Gerstaecker. 

Fusius rubricosus Stal. 

Pirates (Cleptocoris) conspurcatus Distant. 
Cethera marmorata Miller. 


Trans. Zool. Soc. Vol. XX VII. Miller. Pl. III. 


REDUVIIDAE OF SOUTHERN RHODESIA. 


> 
= 
cal 
= 
< 
4 
a4 


wr re : 2 ee ey 
ae 7 : : ’ a - 
e-* , é en Pe ae ares 
662 _ BIOLOGY OF THE REDUVIIDAE OF SOUTHI 
_ PLATE IV. : 
Fig. 1. Pirates (Cleptocoris) lugubris Stal. 7 
Fig. 2. Pirates (Cleptocoris) areatus Miller. 
Fig. 3. Pirates (Cleptocoris) macilentus Miller. ’ 
Fig. 4. Ectomocoris poneroides Miller. ¥ 
Fig. 5. Santosia bidentula Germar. 
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Maraenaspis corallinus Miller. 

Pirates (Cleptocoris) nitidicollis Reuter. 
Glymmatophora mashonae Miller, 3. 
Philodoxus principalis Distant. 
Maraenas pis vorax Miller, &. 


trans. Zool. Soc. Vol. XX VU. Miller. Pl. IV. 
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PLATE V. 
Fig. 1. Maraenaspis crocata Distant. 
Fig. 2. Ectrichodia crux Thunberg. 
Fig. 3. Glymmatophora manicae Miller. 
Fig. 4. Cleontes genitus Distant. 
Fig. 5. Coranopsis vittata Horvath. 
Fig. 6. Vituwmnus scenicus Stal, var. miniatus Stal. 
Fig. 7. Vitwmnus scenicus Stal. 
Fig. 8. Vitumnus scenicus Stal, var. 
Fig. 9. Vitumnus scenicus Stal, var. salisburyanus. 


Fig. 10. Phonolibes obsoletus Horvath. 
Fig. 11. Phonolibes vicinus Miller. 


Trans. Zool. Soc. Vol. XX VII. Miller. Pl. V. 
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Figs 
igs 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Hig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10 

Fig. 11 

Fig. lla 
Fig. 12 


PLATE VI. 


Haematochares obscuripennis Stal. 
Microcarenus villosus Bergroth. 
Microcarenus villosus Bergroth. 
Aprepolestes plagiatus Miller. 
Endochus curvidens Miller. 
Pantoleistes princeps Stal. 
Callilestes gracilis Miller. 
Lamottellus niger Miller. 
Callilestes bicolor Distant. 
Bequaertidea consvmilis Miller. 
Phonoctonus nigrofasciatus Stal. 


. Phonoctonus nigrofasciatus Stal, 


abdomen, ventro-lateral view. 
Bequaertidea pusilla Miller. 


Trans. Zool. Soc. Vol. XX VII. Miller. PI. VI. 
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PLATE VII. 


Rhinocoris erythrocnemis Germar. 


. Rhinocoris erythrocnemis Germar, abdomen, ventro-lateral view. 


Rhinocoris erythrocnemis Germar var. 


. Rhinocoris erythrocnemis var. abdomen, ventro-lateral view. 


Rhinocoris vumbaensis Miller. 
Rhinocoris venustus Stal. 


. Rhinocoris venustus Stal, abdomen, ventro-lateral view. 


Rhinocoris nemoralis Miller, abdomen, ventro-lateral view. 
Rhinocoris odziensis Miller. 


. Rhinocoris odziensis Miller, abdomen, ventro-lateral view, ¢. 
. Rhinocoris odziensis Miller, abdomen, ventro-lateral view, 9. 


Rhinocoris dasynotum Miller. 
Rhinocoris vulneratus Germar. 


. Rhinocoris vulneratus Germar, abdomen, ventro-lateral view. 


Rhinocoris neavei Bergroth. 


. Rhinocoris neavei Bergroth, abdomen, ventro-lateral view. 


Coranus papillosus Thunberg. 
Rhinocoris vitticollis Miller. 


. Rhinocoris vitticollis Miller, abdomen, ventro-lateral view. 


Rhinocoris cardinalis Miller. 
Rhinocoris vumbaensis Miller var. 
He be 7 ,, abdomen, ventro-lateral view. 
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Fig. 1. Sphedanolestes bimaculatus Miller. 

Fig. 2. Nagusta subflava Distant. 

Fig. 3. Sphedanolestes insignis Miller. 

Fig. 4. Rhinocoris segmentarius Germar, var. 

Fig. 4a. Rhinocoris segmentarvus Germar, var. 

abdomen, ventro-lateral view. 

Fig. 5. Rhinocoris seymentarvus Germar, var. 

Fig. 5a. Rhinocoris segmentarius Germar, var. 
abdomen, ventro-lateral view. 

Moto rhodesiensis Miller. 

Rhinocoris rapax Stal, var. picturatus Distant. 

Fig. Rhinocoris albopunctatus Stal. 

Fig. Rhinocoris nebulosus Miller. 


Fig. 6 
7 
8 
9. 

Fig. 10. Rhinocoris violentus Germar. 
if! 
12 


Fig. 


Fig. Cosmolestes pictus Klug. 
Fig. Blapton ramentaceus Germar. 
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Fig. 1. Pseudophonoctonus formosus Distant. 
Fig. 2. Hediocoris tibialis Stal. 
Fig. 2a. Hediocoris tibialis Stal, 

abdomen, ventro-lateral view. 


Fig. 3. Hoffmannocoris chinai Miller. 

Fig. 4. Coranus rubrolimbatus Miller. 

Fig. 5. Sphedanolestes nanus Stal. 

Fig. 6. Lamottellus pilosus Miller, 3. 

Fig. 7. Lamottellus pilosus Miller, 9°. 
8 


Fig. 8. Coranus oblongiceps Stal. 

Fig. 9. Paramphibolus albiventris Miller. 

Fig. 10. Rhinocoris segmentarius Germar, var. 
Fig. 11. Coranus tumidinotum Miller. 

Fig. 12. Coranus viduus Miller, 3. 

Fig. 13. Coranus carbonarius Stal. 

Fig. 14. Coranus monticolus Miller. 

Fig. 15. Peprius pictus Miller. 

Fig. 16. Coranus reutert Schouteden. 

Fig. 17. Coranus viduus Miller, 9. 
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